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PREFACE 


This  Third  Edition  of  die  NONDESTRUCTIVE  EVALUATION  (NDE)  CAPABILITIES 
DATA  BOOK  was  prepared  as  a  d'eehnical  Area  Task  under  the  auspices  of  the 
Nondestructive  Testing  Information  Analysis  Center  (NTIAC)  at  Texas  Researcli 
Institute  Austin,  Inc.  (TRI/Austin)  under  Contract  SP0700-97--D-4003.  Funding  for  the 
Third  Edition  was  provided  by  the  Federal  Aviation  Administration  (FAA)  through  the 
FAA  Aiiworthiness  Assurance  NDI  Validation  Center  (AANC)  at  Sandia  National 
Laboratories  under  Subcontract  AU-682f.  The  First  Edition  of  the  NDE  CAPABILITIES 
DATA  BOOK,  published  in  May  1996,  was  prepared  as  an  NTIAC  Technical  Area  Task 
under  Contract  DLA900-90-D-0123,  Delivery  Order  No.  0005,  with  funding  provided  by 
the  Defense  Technical  Information  Center  (DTIC).  The  Second  Edition  of  the  NDE 
Capabilities  Data  Book,  published  in  May  1997,  was  prepared  as  an  NTIAC  Technical 
Area  Task  under  Contract  DLA900-90-D-0123,  Delivciy  Order  No.  0014,  with  funding 
provided  by  the  FAA.  Compilation  of  all  three  Editions  of  the  Data  Book  was 
accomplished  jointly  by  Mr.  Ward  D.  Rummcl  and  Dr.  George  A.  Matzkanin,  NTIAC. 
Data  analysis  and  organization  were  performed  primarily  by  Mr.  Rummcl’s  team  under 
Lockheed  Martin  and  D&W  Enteiprises,  Ltd.  subcontracts  from  TRI/Austin. 

The  NDE  CAPABILITIES  DATA  BOOK  is  intended  to  provide  a  condensation  of 
available  reference  data  for  demonstrated  NDE  performance  capabilities  (probability  of 
detection,  POD)  in  a  single  source.  It  is  expected  that  the  Data  Book  will  be  updated  as 
new  data  arc  generated  and  made  available;  the  three-ring  binder  design  provides 
flexibility  for  incorf^orating  future  additional  infomration  in  individual  chapters  and  in  the 
form  of  added  appendices.  The  Third  Edition  is  available  in  both  hard  copy  printed  fonn, 
and  on  compact  disk  (CD)  in  MicrosoR  Windows  95/Word  6.0/  Excel  7.0  fonnats.  Both 
NDE  capabilities  (POD)  and  the  raw  data  used  in  the  analysis  are  archived  in  electronic 
form  on  the  CD. 

For  additional  information,  contact  Ms.  Shelly  Clark  at  NTIAC  at: 

415  Crystal  Creek  Drive 

Austin,  TX  78746-4725 

Phone:  (512)  263-2106  or  (800)  NTIAC  39 

Fax:  (512)  263-3530 

E-mail:  clark(h)ntiac.com 
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OVERVIEW 


The  NDE  CAPABILITIES  DATA  BOOK  consolidates  and  organizes  available  reference 
data  for  demonstrated  NDE  performance  capabilities  into  a  single  source,  in  the  First 
Edition,  data  generated  and  documented  in  various  fomis  over  the  past  25  years  througli  a 
number  of  government  and  private  programs  were  analyzed,  organized  and  presented  in  a 
systematic,  common  format.  The  Second  and  Third  Editions  include  more  recent  NDE 
performance  capability  data.  Guidelines  arc  presented  for  selecting  options  for  use  of 
NDE  and  for  assessing  the  potential  to  meet  design  requirements  (critical  flaw  detection 
requirements).  Guidelines  for  demonstration  of  specific  NDE  process  capabilities  are 
also  presented. 

Following  a  65  page  text  (7  chapters)  describing  various  aspects  of  NDE  capabilities 
quantification,  probability  of  detection  (POD),  and  damage  tolerance  concepts,  41 1  POD 
curves  are  organized  and  presented  in  a  scries  of  Appendices  (an  Index  to  the  Appendices 
is  provided).  The  Appendices  are  organized  by  NDE  method  to  provide  reference  POD 
data;  NDE  procedure  capabilities  included  in  the  Data  Book  are: 

ET  -  Eddy  Current  Inspection  M'f  -  Magnetic  Particle  Inspection 

UT  -  Ultrasonic  Inspection  VT  -  Visual  Inspec.ion 

RT  -  X-Radiographic  Inspection  ZT  -  Emerging  Inspection  Processes 

PT  -•  Liquid  Penetrant  Inspection  (visible  and  fluorescent) 

A  documentation  page  precedes  each  data-set  and  provides  a  condensed  description  of  the 
test  abject,  test  artifacts,  NDE  procedures  and  results  summary.  The  POD  curves  for 
varying  test  object,  test  artifact  and  data  collection  conditions  follow  the  documentation 
page.  POD  data  arc  presented  as  a  function  of  crack  length,  and  as  a  function  of  crack 
depth  and  crack  depth-to-thickness  ratio  for  selected  data  sets.  POD  curves  are  based  on 
hit/miss  data  using  the  log-logistic  model.  Original  reference  source  information  is 
provided  for  each  data  set. 

Materials  covered  in  the  First  Edition  Data  Bool,  include: 

Aluminum  (2219  T-87  and  2024  T-37) 

Stainless  steel  (AMS  355) 

Titanium-6A!4V 

POD  curves  added  in  the  Second  Edition  Data  Book  for  specific  applications  include: 

4340  Steel  Flat  Plate  Panels 

Bolt  Holes  in  J85  Seventh  Stage  Compressor  Disks 

Visual  Inspection  of  Fatigue  Cracks  in  Inconel  718  and  Haynes  188  Flat  Plates 
X-Radiography  of  0.060  Inch  Thick  and  0.250  Inch  Thick  4340  Steel  Flat  Plates 
“Edge  of  Light’’  Inspection  ofBolt  Holes  in  .185  Seventh  Stage  Compressor  Disks 


IV 


POD  curves  added  to  the  Third  Edition  Data  Book  for  specific  applications  include: 
Aircraft  Stiffened  Stringer  Panels 

Lack  of  Penetration  Defects  in  Aluminum  Alloy  GTA  Welds 
Longitudinal  and  Transverse  Fatigue  Cracks  in  Welds  with  Crowns 
Longitudinal  and  Transverse  Fatigue  Cracks  in  Flush  Weids 
Water  Washable  Fluorescent  Penetrant  on  Haynes  188  Flat  Panels 


If  you  have  validated  POD  data  that  you  would  like  to  contribute  to  future  added 
appendices/applications  of  the  NDE  CAPABILITIES  DATA  BOOK,  please  contact: 

Dr.  George  Matzkanin 
NTIAC 

415  Crystal  Creek  Drive 
Austin,  TX  78746-4725 
Phone:(512)263-2106  or  (800)  NTIAC  39 
Fax: (512)  263-3530 
E-mail:  matzkanin@ntiac.coni 

OR 


Mr.  Ward  Rummel 
D&W  Enterprises,  Ltd. 

8776  W.  Mountainview  Lane 
Littleton,  CO  80126-9206 
Phone:  (303)791-1940 
E-mail:  wardr@bewellnct.com 
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NONDESTRUCTIVE  EVALUATION  (NDE)  CAPABILITIES  DATA  BOOK 


1.  INTRODUCTION  AND  SUMMARY 

Nondestructive  Testing  (NDT),  Nondestructive  Inspection  (NDI)  and  Nondestructive 
Evaluation  (NDE)  denote  variations  in  application  of  materials  evaluation  technology  that 
range  from  process  control  to  the  measurement  of  a  material  characteristic  that  is  critical 
to  the  structural  integrity  and  safe  operating  life  of  an  engineering  system.  NDE  is  used 
in  this  document  to  provide  identify  to  the  integrated  technology  of  quantitative  materials 
evaluation.  A  major  feature  of  the  technology  is  that  materials  evaluation  is  completed 
without  changing  or  destroying  the  object  of  interest.  Familiar  processes  /  procedures  that 
are  part  of  the  technology  include: 

•  Liquid  penetrant  inspection; 

•  Magnetic  particle  inspection; 

•  Radiographic  inspection  (X-ray  and  gamma  ray); 

•  Electromagnetic  inspection; 

•  Ultrasonic  inspection;  and 

•  Thermographic  inspection. 

Questions  of  primary  engineering  interest  in  the  application  of  NDE  arc: 

•  What  inspection  methods  are  applicable? 

•  How  small  a  flaw  can  it  detec  ? 

•  What  are  the  relative  costs  of  inspection? 

•  What  special  equipment  and/or  facilities  are  required? 

•  What  arc  the  spcc'al  personnel  training  and  skill  development 
requirements? 

•  What  objective  evidence  of  the  inspection  (out-put)  is  provided? 

•  What  arc  the  requirements  for  demonstrating  an  NDE  procedure 
performance  capability  level? 

•  What  are  the  requi  'cments  for  process  control  to  maintain  a 

performance  capability  level? 

•  What  arc  the  human  factors  requirements  for  demonstrating  and 
maintaining  a  pcrlbrmancc  capability  level? 

•  What  objective  evidence  of  NDE  procedure  /  personnel 
performance  capabilities  arc  available? 

Numerous  references  are  available  to  explore  the  basic  principles  and  functional 
applications  of  NDE  methods  IREF  1-1  j.  In  like  manner,  reference  materials  for  general 
personnel  qualincation  are  available  |REF  l-dj.  Data  on  the  performance  capabilities  of 
various  NDE  procedures  (How  good  arc  the  procedures?)  arc,  however,  scattered  in 
dilTerent  rel'crence  sources  and  arc  not  conveniently  available  to  the  user  community, 
fhis  NONDESTRUCTIVE  EVALUATION  (NDE)  CAPABILITIES  DATA  BOOK  is 
intended  to  be  a  baseline  lor  engineering  analyses  in  the  form  of  a  condemsed  reference  to 
previously  demonstrated  NDE  capabilities.  It  is  intended  to  be  a  companion  to 
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DAMAGE  TOLERANCE  and  SAFE-LIFE  analysis  tools  that  are  integral  to 
quantitative  design  practices  and  “fracture  control”  and  SAFE-LIFE  of  engineering 
hardware.  The  starting  point  for  DAMAGE  TOLEITANCE  and  SAFE-LIFE  analyses 
is  input  of  a  flaw  size  that  is  assumed  to  be  present  at  the  time  of  hardware  /  system 
acceptance  test  or  at  the  time  of  inspection  during  periodic  maintenance  /  overhaul. 
DAMAGE  TOLERANCE  and  SAFE-LIFE  analyses  provide  a  quantified  basis  for 
structural  integrity  in  the  form  of  a  “critical  crack  size”  or  “assumed  crack  size”  required 
for  SAFE-LIFE.  The  most  desirable  assumption  would  be  “no  cracks”  and  many 
engineering  documents  specify  “no  cracks”  as  a  requirement  ibr  acceptance.  However, 
experience,  economics  and  materials  behavior  do  not,  however,  support  a  “no  cracks” 
criteria  as  a  basis  lor  SAFE-LIFE  design. 

The  evolution  of  deterministic  engineering  design  processes  often  included  destructive 
and  nondestructive  materials  evaluation  to  provide  confidence  in  the  “fitness  for  purpose” 
of  hardware  that  was  identical,  or  similar  to,  hardware  that  had  been  in  service  in  a 
particular  application  and  /  or  industry.  If  a  component  failed,  subsequent  components  of 
similar  design  would  have  added  requirements  that  often  included  a  requirement  for 
nondestructive  inspection  /  materials  evaluation.  A  SAFE-LIFE  was  achieved,  in  part,  by 
reliance  on  the  unquantified  capabiliiies  of  a  specified  nondestructive  inspection 
procedure.  A  specified  “no  cracks”  criteria  was,  therefore,  that  ciack  size  that  was 
revealed  by  application  of  the  specified  nondestructive  inspection  /  evaluation  (NDE) 
procedure. 

E.xperiencc  has  shown  a  wide  variation  in  the  “crack  detection”  capabilities  for  NDE 
procedures  that  arc  completed  to  the  same  "specification''  requirements.  Failure  of  a 
procedure  to  meet  expectations  is  most  often  due  to  a  failure  to  qualify  and  validate 
procedure  perlbrmancc  or  to  a  degradation  of  a  procedure  with  time,  'fhe  result  of 
application  of  an  inadequate  or  degraded  procedure  may  result  in  considerable  (and  often 
unanticipated)  risk  to  the  safe-life  of  an  engineering  system.  "Standardiziition”  of  NDE. 
procedures  has  been  addressed  by  the  generation  and  application  of  “NDl: 
specifications”.  Such  specifications  have  most  often  addressed  the  “HOW  TO”  element 
of  procedure  application  with  lesser  emphasis  on  quantification  of  results  /  output  or  on 
the  process  control  required  to  attain  NDE,  process,  and  hence,  hardware  reliability. 

A  firm  rcqtiirement  to  quantify  and  demonstrate  the  capabilities  of  NDE  procedures  a-  is 
imposed  by  the  development  and  application  of  fracture  mechanics  in  DAMACiE 
TOLERANCE  and  SAFE-LIFE  design  practices.  Fracture  mechanics  analysis  produced 
a  single  valued  “critical  crack  size”  as  a  basis  foi  DAMACiE  TOLEIL\NCE  and 
SAFE-LIFE  analysis.  Detection  of  cracks  below  the“critical  crack  size”  is  required  for 
the  implementation  of  “fracture  critical”  and  SAFE-LIFE  analysis.  Nondestructive 
evaluation  involves  multiple  process  variables  and  uoes  not  produce  a  single  valued 
result.  Variances  in  nondestructive  cvaiuatioii  process  capabilities  were  addressed  using 
the  tools  that  were  dcA'cloped  for  establishing  materials  properties  design  values  in  the 
li)rm  of  the  “Frnbability  of  Detection  (I*()D)”  as  a  function  ofcrack  /  flaw  size. 
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The  concept  of  “Probabilit>'  of  Detection  (POD)”  was  introduced  in  1973  and  was 
incorporated  into  design  requirements  for  the  National  Aeronautics  and  Space 
Administration’s  (NASA),  Space  Shuttle  program.  [REF  1-3  thru  1-6].  Similar 
requirements  were  initiated  by  the  United  States  Air  Force  [REF  1-7  thru  1-9],  The 
“Probability  of  Detection  (POD)”  concept  and  methodology  have  gained  widespread 
acceptance  and  continuing  improvements  have  enhanced  its  acceptance  as  a  useful  metric 
for  quantifying  and  assessing  NDE  capabilities.  Since  a  wide  range  of  NDE  methods  and 
procedures  are  used  in  “fracture  control”  of  engineering  hardware  and  systems,  a  large 
volume  of  POD  data  has  been  generated  to  validate  the  capabilities  of  specific  NDE 
procedures  in  a  multitude  of  applications. 

It  is  beneficial  to  the  technical  coi  munity,  and  to  the  general  public,  to  share  engineering 
data  and  to  provide  common  baselines  for  assessing  the  capabilities  and  lor  quantifying 
the  confidence  measurements  that  are  integral  to  modern  engineering  teclmology 
products.  Such  engineering  data  have  been  most  oiten  consolidated  and  documented  in 
the  form  of  “Handbooks  ol' Design  Principles,  Values  and  Parameters”  that  are  shared  by 
engineers  who  work  in  a  specific  technology  discipline.  The  “Handbook”  values  and  data 
are  incorporated  into  “state  of  the  art”  engineering  practices  to  produce  a  “standard”  for 
continuing  engineering  application,  and  are  incorporated  into  education  programs  for  the 
next  generation  of  engineers. 

POD  data  are  specific  to  specific  NDE  procedures  and  applications  and  do  not  readily  fit 
the  “Handbook”  paradigm.  Condensation  of  POD  data  are  therefore  presenied  in  the  form 
of  this  “Databook”  and  users  are  cautioned  that  the  data  are  valuable  for  purposes  of 
reference  and  general  understanding  of  NDE  capabilities,  but  specific  NDE  capabilities 
validation  data  and  disciplines  must  be  generated  by  the  user  to  support  critical 
hardware  design  and  use, 

In  summary,  the  purpose  of  this  databook  is  to  provide  a  condensation  of  quantified 
capabilities  data  that  have  been  developed  and  documented  in  previous  applications.  Its 
intended  use  is  as  a  single  point  reference  to  results  that  have  been  obtained  in  state-of- 
the-art  NDE  applications  and  thereby  provide  a  link  to  prior  art,  The  modular  format  of 
the  data  book  anticipates  data  additions  that  may  include  additional  NDE  processes  and 
procedures  and  various  procedure  applications. 

(juidelines  are  presented  for  .selecting  options  for  use  of  NDE  and  for  assessing  the 
potential  to  meet  design  requirements  (critical  Haw  detection  requirements).  Guidelines 
for  demonstration  of  s[)ecific  NDE  process  capabilities  are  also  presented.  The 
complex,  multiparameter  nature  of  NDE  procedure  application  demands  characterization 
and  demonstration  ol'specillc  user  procedures  to  provide  confidence  in  performance  in  a 
speeil'ic  application.  The  data  presented  herein  may  be  used  as  a  baseline  for  prediction 
and  comparison  of  general  capabilities  and  to  increase  confidence  in  the  use  of  limited 
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data  sets  that  arc  consistent  with  those  obtained  in  prior  work.  The  link  of  user  data  to 
NDE  CAPABILITIES  DATA  BOOK  data  is  the  responsibility  of  the  user. 

NOTE:  Nondestructive  evaluation  capabilities  vary  widely  with 

characteristics  of  the  test  object  and  with  precision  in  NDE  procedure 
application.  The  [guidelines  and  data  presented  arc  specific  fo  the 
applications  and  application  conditions  that  accompany  the  data.  Special 
conditions  and/or  stage  of  application  of  NDE  in  the  production  process  must 
be  included  in  the  NDE  requirements  and  process  analyses.  For  example, 
etching  may  be  required  before  penetrant  inspection;  inspection  may  be 
required  before  shot  peening;  inspection  may  be  required  before  and  after 
proof  loading;  special  considerations  for  mal-oriented  flaws  may  be 
required;  and  special  considerations  for  special  materials,  processes  or 
applications  may  be  required. 

This  document  shall  not  be  used  as  the  primar>'  basis  for  establishing 
acceptance  crileria.  Design  acceptance  criteria  must  be  established  analytically 
as  part  of  the  integrated  design  process  (i.e.  system  lunetional  analyses,  stress 
analysis,  thermal  analysis,  fracture  mechanics  analysis,  use  constraints,  life-cycle 
fatigue  analysis  [(SAFE-LIFE),  (FAIL  SAFE),  (DAMAGE  TOLERANCE  )1 
etc.) 


CAUTION:  No  direct  or  indirect  involvement  or  responsibility  is  taken  for 
interpretation  or  use  of  data  pre.scnted  herein.  “Qualification.  Validation  and 
Certification”  of  procedures  <ir  individual  capabilities  by  a  user  and  liability 
resulting  from  performance  of  inspections  by  the  user  arc  the  responsibility  of  the 
user  /  perfornting  organi/.ation.  No  real  or  implied  liability  is  assumed  by  reference 
to  data  piescntcd  herein. 
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2.  ABOUT  THE  DATABOOK 

2.0  PURPOSE 

The  purpose  and  goal  of  the  NDE  CAPABILITIES  DATA  BOOK  are  to  document 
demonstrated  capabilities  of  NDE  procedures  in  various  applications  and  to  identify  NDE 
process  parameters,  controls  and  variances  that  characterize  the  results  obtained. 
Collection,  condensation  and  quantification  of  process  capabilities  are  hallmarks  of  a 
maturing  engineering  technology.  The  science  of  NDE  and  NDE  applications  are 
expanding  a,'  a  rapid  rate  and  will  increase  further  as  economies  drive  life-extension  of 
engineering  systems  as  a  tangible  alternative  to  replacement.  Expectations  for 
engineering  systems  will  remain  high  and  accountability  in  systems  management  will 
drive  accountability  in  NDE  and  maintenance  procedures. 

Documented  NDE  performance  capabilities  are  necessarily  incomplete  and  are  intended 
to  be  updated  as  new  data  arc  generated  and  made  available.  The  data  book  is  therefore 
partitioned  such  that  any  chapter  may  be  individually  updated.  Additions  to  the  data  book 
may  be  made  in  the  form  of  added  appendices.  An  important  aspect  of  the  data  book  is 
the  archiving  of  “raw  data”  such  that  users  may  compare  documented  performance 
capabilities  for  a  specific  procedure  with  prior,  demonstrated  capabilities.  Raw  data  are 
archived  in  both  hard  copy  and  electronic  form  (EXCEL  spreadsheet  [REF  2-1])  and  may 
be  provided  under  separate  cover  for  user  convenience.  The  raw  data  are  also  expected  to 
provide  a  baseline  for  the  development  of  first  principles  science  methods  and  thereby  to 
aid  in  the  advancement  of  NDE  technology. 


Data  presented  arc  intended  to  be  used  for  puqwses  of  reference  only.  The  complex 
nature  of  NDE  processes  and  applications  require  that  individual  capabilities 
demonstrations  be  completed  to  meet  the  requirements  of  a  speeillc  design  /  application. 

2.1  ANTICIPA  i  ED  U.SERS 


Anticipated  individual  users  of  the  information  /  data  provided  are: 


REQUIREMENTS 


•  The  designer 

•  The  materials  engineer 

•  The  reliability  and  safety  engineer 

•  d  he  maintenance  engineer 

•  The  manufacturing  /  production  process  engineer 

•  The  liaison  (rework  and  repair)  engineer 
o  I'hc  life-cyclc  maintenance  manager 

•  The  hardware  /  system  operator  and  customcr(s) 


NDE  PROCESS 
DESIGN 


fhe  NDE  engineer 
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The  NDT  process  manager 


The  NDr,  technology  engineer  /  scientist 

The  engineering  design  process  involves  the  integration  of  fit,  form  and  function 
requirements  with  weight,  producibility,  durability  and  margins  for  critical  parameters. 
I'he  design  envelope  is  necessarily  constrained  by  producibility  and  durability  / 
maintainability  and  trade-offs  are  often  required  to  optimize  the  life-cycle  function  of  the 
design  object.  The  role  of  NDIi  is  that  of  providing  coniidence  that  indirectly  measurable 
materials  properties  and  materials  continuity  requirements  have  been  satisfied  Damage 
tolerance  and  safe-life  design  processes  require  quantification  of  NDT  capabilities  for  use 
as  a  design  parameter.  It  is  important  to  note  that  most  design  applications  require  only 
conlirmation  that  materials  /  use  parameters  arc  within  the  design  envelope  established  by 
“prior-art”  design  /  use  and  only  a  small  number  ol'  designs  impose  special  NDE 
requirements  for  "Iracture  control".  The  transition  1'rom  a  “No  flaws  /  cracks”  to  an 
“assumed  initial  flaw  /  crack  size”  as  a  basis  for  damage  tolerance  and  safe-life  design 
challenged  both  the  design  and  NDT  communities. 

C'ommunieation  of  design  requirements  and  NDl-  performance  requirements  as 
quantitative  values  is  an  iterative  process  and  requires  integration  of  an  expanded  grou]^ 
of  technologists  into  the  design  process.  The  initial  question  from  the  designer  is: 

•  ■  ■  “flow  SMALL  a  flaw  can  be  found  by  Ni)E?” 

The  proper  question  is; 

■  •  “How  LAKCH'l  a  flaw  might  be  mbssed  by  NDE?” 

fhe  answer  to  the  second  question  is  dependent  on  a  multitude  of  parameters  that  include: 
part  material,  part  configuration,  part  accessibility,  surface  condition,  sequence  in  the  part 
life-cycle,  etc.  As  the  design  proce.ss  progresses,  essential  characteristics  ol'  the  design 
must  be  communicated  and  quantified  to  provide  the  NDf  crack  size  metric.  I'raditional 
engineering  practices  have  relied  heavily  on  “prior  arf'  as  the  starting  point  for  a  new 
design  and  damage  tolerance  and  safe-life  design  is  no  exception.  Since  much  of  the 
"prior  art"  in  NDT  did  not  involve  quantification  oi' capabilities,  some  assumptions  were 
required  to  translate  “prior  art”  to  “generic  NDT  capabilities",  “(icneric  NDli 
capabilities"  were  incorporated  into  “Traclure  Analysis  Models"  |IiTT  2-?.  j  and  have  been 
up-dated  as  more  quantitative  data  were  obtained.  1  he  “generic  NDT.  capabilities” 
assume  knowledgeable  and  disciplined  NDli  application  /  process  control  and  arc  not 
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“recipes”  for  success  by  ceremonial  applications  of  NDE  processes.  For  critical  designs  / 
applications,  specific  NDE  procedures  must  be  developed  and  validated  to  assure  that  the 
quantified  design  assumptions  /  requirements  are  met.  “Speeial  NDE”  disciplines  must 
then  be  ap  died  to  assure  continuing  performance  ol’thc  validated  capability. 

A  starting  point  for  both  “generic  NDE  capabilities”  and  for  “special  capabilities” 
requirements  is  “prior  art”  that  has  been  demonstrated  in  similar  applications.  This  data 
book  provides  a  reference  source  for  “prior  art”  demonstrations,  Consider  the  functional 
diagram  shown  in  Figure  2-1 . 


FKilJRE  2-1  NDE  Integration  in  the  Design  Process 


Both  the  design  engineer  and  the  NDE  engineer  have  an  initial  common  baseline  in 
reference  to  “generic”  and  demoastralcd  NDIi  capabilities.  If  the  design  /  use 
requirements  arc  outside  the  envelope  of  “prior  art”  or  the  design  is  determined  to  be 
"fracture  critical",  speeial  NDli  requirements  must  be  applied.  NDE  engineering 
involvement  for  botli  "generic”  and  "speeial  NDE”  is  required  early  in  the  design  process 
t(!  assure  that  the  necessary  NDE  tools  /  processes  are  available  for  implementation,  If  the 
NDE  requirements  are  beyond  the  “prior  art"  knowledge  /  database,  research  and 
development  may  be  necessary  to  implement  the  design.  Cost  and  schedule 
considerations  imposed  by  “special  NDE"  mast  be  included  in  the  design  implementation 
process.  I'he  next  critical  NDE,  task  in  design  implementation  is  in  validation  of  NDE 
procedures  to  be  applied  to  a.ssure  that  design  requirements  are  met.  I'he  validation  step  is 
critical  to  all  NDI  ',  applications  and  is  not  limited  to  the  implementation  of  .special  NDE 
requirements.  Ennisions  must  be  made  for  re-validation  to  accommodate  NDE 
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procedure  /  equipment  /  personnel  changes  and  for  validation  of  procedures  used  in 
“rework”  /  design  modification  /  changes. 

The  needs  of  all  users  have  been  considered  in  the  organization  of  the  data  book  text,  fhe 
needs  of  the  NDE  engineer  have  been  given  primary  consideration  in  the  organization  of 
the  NDE  capabilities  data. 

In  NDE  applications,  the  persistent  and  incorrect  perceptions  of  engineers,  scientists,  and 
the  general  public  arc  that: 

•  All  inspections  provide  100%  coverage; 

«  No  flaws  are  present  after  an  inspection  is  completed;  and 

•  The  inspection  process  sets  the  acceptance  criteria. 

This  data  book  provides  an  additional  reference  to  both  state  of  the  art  engineering 
processes  and  realistic  expectations  of  the  proce.sses. 

2.2  DATA  ORGANIZATION  FOR  THE  NDE  USER 

The  nature  and  capabilities  of  NDli  procedures  in  various  applications  are  complex  and 
are  dependent  on  the; 

•  Nature  of  the  lest  object 

•  Nature  oflhe  flaw  (characteristic  to  be  detected  /  quantified) 

•  NDE  application  environment 

•  NDE  jn'oeessing  materials 

•  NDlt  etiuipment 

•  Reference  artifacts  used  in  "calibration"  /  "process  control" 

®  The  proccdiue  used  in  establishing  the  rcierencc  measurement 
(calibration  level) 

•  NDE  process  /  procedure  and  method  of  application 

•  NDE  skills  /  human  factors 


fhe  complex,  multiparametric  nature  of  NDE  procedure  application  demands 
characterization  and  demonstration  ol  spccillc  user  procedures  to  provide  confidence  in 
perl'ormance  in  a  spceilie  application.  The  demonstrated  NDE  data  are  organized  for 
convenient  reference  to  “prior  art"  and  may  not  be  representative  of  the  capabilities  of  a 
speciiic  application  using  dilfcrent  parameters  and  /  or  personnel  skill  capabilities.  The 
re.sponsibility  remains  with  the  user  to  provide  validation  of  individual  NDE  capabilities. 


NOTE:  This  document  shall  not  be  used  as  the  i>rimary  basis  for  establishing 
acceptance  criteria.  Design  acceptance  criteria  must  be  established  analytically  as  part 
of  the  integrated  design  process  (i.e.  system  functional  analyses,  stress  analysis, 
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thermal  analysis,  fracture  mechanics  analysis,  use  constraints,  life-cycle  fatigue 
analysis  [(SAFE-LIFE),  (FAIL  SAFE),  (DAMAGE  TOLERANCE)],  etc.) 

2.3  NDE  PROCESSES  ADDRESSED 

Nondestructive  evaluation  (NDE)  procedures  using  various  physical  /  process 
principles  are  used  in  various  applications.  NDE  procedure  capabilities  included  in  this 
document  are: 


•  ET  -  Eddy  Current  inspection 

•  MT  -  Magnetic  Particle  Inspection 

•  PT  -  Liquid  Penetrant  Inspection  (visible  and  fluorescent) 

•  UT  -  Ultrasonic  Inspection 

•  VT  -  Visual  Inspection 

•  RT  -  X-radiographic  Inspection 

•  ZT  -  Emerging  Inspection  Processes 

Additional  classifications  may  he  added  as  additional  NDE  methods  are  more  generally 
applied. 

Note;  Trademark  terms  commonly  used  in  reference  to  widely  applied  NDE/NDI 
processes  include;  "Zyglo"  -  Fluorescent  penetrant  inspection;  "Dye  Chek"  =  Visible 
penetrant  inspection;  and  "Magnaflux"  =  magnetic  particle  inspection  (“Zyglo”,  “Dye 
Click”  and  “Magnaflux”  are  Trademarks  of  the  Magnaflux  Corporation,  Chicago,  Ill. 
and  no  endorsement  is  offered  or  supported). 


2.4  SUMMARY 


This  NDE  CAPABILITIES  DATA  BOOK  is  viewed  as  a  companion  to  damage  tolerance 
and  safe-life  analyses  tools  and  handbooks.  Requirements,  roles  and  responsibilities  for 
the  application,  quantification  and  use  of  general  practice  and  specific  (special  NDFi) 
practice  data  arc  identified.  Links  to  and  at  ccptability  of  design  requirements  are 
described  and  methods  fur  using  the  documented  capabilities  are  discussed.  The  NDE 
V  APA,BILri IhS  DATA  BOOK  i;s  ollcrcd  as  a  baseline  rclcrcncc  source  for  quantitative 
NDE  procedure  application.  The  u.ser  is  re.sponsible  for  excellence  in  application  and  in 
use  oi'  the  data  presented. 
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3.  NONDESTRUCTIVE  EVALUATION  (NDE)  APPLICATIONS 
3.0  NDE  USAGE 

Nondestructive  evaluation  is  used  for  many  purposes  and  the  required  rigor  of  application 
may  vary  with  intended  use  of  the  results.  Use  of  NDE  process  output  includes: 

•  General  industrial  process  control; 

•  General  exchange  in  commerce; 

•  General  configuration  and  general  fitness  for  purpose  acceptance; 

•  Continuing  fitness  for  purpose  acceptance  in  maintenance; 

•  Fitness  for  purpose  acceptance  during  and  following  rework  and 
repairs; 

•  Fitness  for  purpose  assessments  for  life  extension 

The  known  characteristics,  capabilities  and  rigor  in  application  vary  with  the  specific 
needs  and  heritage  of  the  application.  For  process  control  and  general  applications  in 
commerce,  emphasis  is  on  continuation  of  the  processes  /  procedures  that  made  the 
product  successful.  For  new  applications  and/or  required  improvements  in  application, 
use  of  emerging  engineering  tools  may  provide  an  economical  alternative.  It  is  important 
to  note  that: 

•=>'=t>AII  NDE  process  applications  do  not  require  specific  quantification <=■<=> 

NDE  procedures  incorporate  multiple  parameter  processes  and  systematic  control  of 
process  parameter  variations  are  required  to  assure  continuity  and  consistency  in 
application.  If  large  margins  for  variance  are  accommodated  in  applications  requirements, 
the  historical,  deterministic  approach  to  process  control  may  be  adequate  to  meet 
requirements.  When  a  quantified  approach  is  required,  the  methods  and  engineering 
database  provided  herein  may  be  more  applicable 

3.1  NON-QUANTITATIVE  NDE  APPLICATIONS  AND  TECHNOLOGY 
GROWTH 

Quantification  of  NDE  capabilities  is  a  relatively  new  element  of  NDE  engineering 
technology  and  many  applications  do  not  require  quantification  or  qualification  of  NDE 
process  capabilities,  These  include  non-critical  applications,  applications  with  large 
design  margins,  use  of  NDE  sensors  in  automated  eondition  .sensing  /  in-process  control, 
(usually  very  large  margins),  and  applications  that  involve  extension  oi'  "prior  art".  In 
general,  if  the  re.sult  of  failure  of  a  component  does  not  involve  loss  of  life  or  significant 
(liie-eycle  system)  eeonomic  loss,  NDE  capabilities  may  not  require  demonstration  and 
may  be  assumed  to  be  at  a  “.state  of  the  art”  level.  Ivxcellence  in  meeting  requirements  in 
such  applications  is  considered  to  be  a  part  of  overall  product  “workmanship”. 
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3.1.1  NDE  IN  GENEIIAL  COMMERCE 

NDE  processes  applied  in  general  commerce  arc  used  to  provide  control  in  assuring  the 
"general  quality"  of  the  product  being  provided.  Many  of  the  “codes,  standards, 
specifications  and  regulations”  used  in  general  commerce  impose  requirements  to 
perform  NDE  (type)  and  procedural  (how  to)  requirements  for  applying  the  NDE  process, 
but  have  no  requirements  for  quantifying  the  level  of  discrimination  provided  by  the 
process.  The  “calibration”  (reference  artifacl(s))  procedure  is  assumed  to  provide  a 
reproducible  (but  unquantified)  level  of  discrimination  and  the  discrimination  level  is 
often  “assumed”  to  be  at  the  “calibration”  level.  For  example,  eddy  current  inspection 
may  be  applied  to  the  acceptance  of  welded  pipe  for  use  in  pressurized  systems.  Pipe 
produced  that  does  not  meet  the  "general  quality"  for  use  in  pressurized  systems  may  be 
used  as  fence  posts,  "prior  art"  provides  the  basis  for  use  of  the  “specified”  procedures 
and  the  acceptance  margins  (design  margins)  that  have  been  demonstrated  (but  not 
quantified),  in  practice,  to  provide  a  “safe-life”  for  the  intended  purpose  (fitness  for 
purpose  and  lifc-eyclc  service  usage).  Service  use  as  fence  posts  differs  greatly  from  that 
in  a  pressurized  pipe  systems  and  (he  “fitness  for  purpo.se”  requirements  vary  with  the 
"general  quality  level"  implied  by  application  of  the  NDE  proc'dure. 

"Prior  art"  is  the  basis  for  many  of  the  NDE  procedures  applied  in  commerce  and  has 
provided  a  basis  for  acceptance  of  the  general  NDE  capabilities  performance  levels  that 
arc  used  in  general  NDE  engineering.  The  responsibility  for  maintaining  a  continuing 
level  of  NDE  process  control  is  part  of  the  warranty  of  the  producer  and  a  part  of  the 
warranty  of  the  user  /  operator.  Quantification  of  NDE  procedure  capabilities  as  described 
herein,  provides  an  objective  basis  for  assuring  a  continuing  level  of  NDE  process  control 
and  may  be  linked  to  "prior  art"  applications  to  provide  continuity  in  product  /  process 
reproducibility. 

3.1.2  NDE  IN  GENERAL  INDUSTRIAL  PROCESS  CONTROI. 

NDE  is  routinely  applied  in  general  industrial  process  control  for  both  feedback  and 
acceptance.  Acceptance  requirements  arc  general  and  most  often  provide  the  evidence 
and  confidence  level  in  process  "workmanship"  and  "product  excellence".  A  familiar 
example  is  the  application  of  X-radiography  and  liquid  penetrant  processes  to  monitor  the 
general  quality  and  integrity  ol' welds.  The  intended  use  of  the  welds  may  not  be  specified 
or  refiected  in  the  "acceptance  criteria",  but  instead  establishes  a  reasonable  level  of 
"workmanship"  for  the  weld  proce.ss.  Associated  with  the  acceptance  are  "assumed" 
levels  of  capabilities  and  excellence  in  the  X-radiographic  and  liquid  penetrant  (NDE) 
processes  being  applied.  Quantification  of  NDE  procedure  capabilities  as  described 
herein,  provide  toohs  for  establishing  an  objective  basis  for  assuring  a  continuing  level  of 
NDE  process  control  and  the  assumed  level  of  quality  of  the  weld  processes  being 
applied. 
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3.1.3  USE  OF  "PRIOR  ART" 

NDH  procedure  capabilities  have  been  assumed  in  most  "prior  art"  and/or  were  derived 
empirically  from  failures  that  occurred  when  NDE  margins  and  boundaries  were 
established  by  trial  and  error.  Quantification  of  NDE  procedure  capabilities  as  described 
herein,  provides  an  objective,  low  risk  basis  for  assuring  a  continuing  level  of  NDE 
process  discrimination  and  may  reduce  the  need  for  a  qualification  /  destructive  test 
article.  Quantification  provides  a  link  to  general  engineering  and  science  based 
applications  of  NDE  technology. 

3.2  APPLICATIONS  TO  UAMAOE  TOLERAN  T  /  SAFE-LIFE  IN 
ASSURING  STRUCTURAL  INTEGRITY  IN  DESIGN  AND  USE 

Advancements  in  design  /  analysis  practices  include  requirements  for  quantification  of 
NDE  capabilities  and  for  specific  quantification  of  acceptance  requirements  (criteria). 
Advanced  analyses  incorporate  material  fracture  and  fatigue  properties  in  service  usage 
to  envelope  design  parameters  and  life-cycle  requirements  into  safe-life  system  design  / 
management.  The  obvious  economic  advantages  of  moving  from  more  deterministic  to 
more  quantified  design  /  analysis  approaches  are  in  shorter  development  cycles, 
efficiencies  in  quality  control,  improved  design  efficiencies  (fitness  for  purpose), 
durability  in  design  /  use,  and  improvements  in  confidence  levels  for  engineering 
structures  /  system  performance.  The  disadvantages  ol'  this  change  are  in  both  changes  in 
engineering  practices  and  in  the  availability  of  data  to  support  the  new  approaches. 

Key  factors  in  damage  tolerant  /  safe-life  analyses  are  the  assumption  of  an  initial  flaw 
size,  and  that  supporting  NDE  technology  can  support  that  assumption.  The  “assumed" 
initial  flaw  size  has  been  and  will  continue  to  be  based  on  both  deterministic,  heritage 
approaches  and  on  data  jirovidcd  by  characterized  and  quantified  NDE  procedures 
analysis.  The  NDE  approach  is  increasingly  the  prclcrred  method  applied  to  in-service 
“fitness  for  purpose”  analyses,  life-cycle  management  analyses,  and  life-extension 
analyses.  Requirements  for  analyses  using  quantified  NDE  approaches  are  discussed  in 
detail  in  Section  4  of  this  databook  and  are  the  primary  basis  for  quantifying  and 
documenting  NDE  capabilities  in  this  data  book. 

3.3  COMMON  NDE  CAPABILITIES  ASSUMPTIONS  AND  MYTHS 

The  evolution  of  NDE  technology  was  tradition'dly  deterministic  and  was  most  often 
implemented  to  address  a  specific  failure  mode  for  a  process,  structure  or  system,  d  he 
“last  rcsort/neccssary  evil”  approach  to  NDE  application  for  “failure  prevention”  resulted 
in  the  origination  and  propagation  of  many  “claims,  myths  and  unsubstantiated 
assumptions”  of  NDE  capabilities  and  the  capabilities  of  specific  NDE  procedures  in 
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various  applications.  Although  often  painful,  maturation  of  a  technology  necessarily 
involves  organization  and  quantification  of  the  objective  knowledge  /  data  available. 

Common  myths  and  misunderstandings  in  NDE  applications  include  the  following: 

•  “NO  FLAWS  CRITERIA”  -  NDE  is  not  absolute  and  “flaws”  that  are  below  the 
detection  capabilities  threshold  may  be  present  after  application  and 
discrimination  by  an  NDE  procedure; 

•  “ASSUMPTION  THAT  THE  NDE  CAPABILITY  IS  AT  THE  SMALLEST 
FLAW  DETECTED”  -  The  significant  characteristic  output  of  an  NDE  process 
in  not  the  “Smallest  flaw  detected”  but  the  “Largest  flaw  missed”; 

•  “ASSUMPTION  THAT  THE  DETECTION  AND  DISCRIMINATION 
CAPABILITY  OF  AN  NDE  PROCEDURE  IS  AT  THE  ‘CALIBRATION 
LEVEL’”  -  The  discrimination  capability  of  an  NDE  procedure  is  rarely  at  the 
“calibration”  /  reference  artifact  used  in  set-up  of  the  NDE  procedure.  Increase  of 
the  amplifier  gain  does  not  change  the  discrimination  level,  but  may  increase  the 
“noise”  response  and  thereby  increase  the  “false  call”  level; 

•  “CR.4CKS  AND  SLOl’S  ARE  EQUAL”  -  NDE  responses  from  artifacts  such 
as  slots,  saw  cuts  and  elcctrodischarge  machined  (EDM)  notches  are  rarely  the 
same  as  the  responses  from  cracks  of  an  equivalent  size; 

•  “ALL  CRACKS  ARE  CREATED  EQUAL”  -  Cracks  of  the  same  size  that  are 
initiated  and  grown  under  various  conditions  may  produce  wide  variation  in  their 
respective  NDE  responses; 

•  “CRACKS  ARE  EQUALLY  DETECTABLE  UNDER  ALL  CONDITIONS 
(LABORATORY  /  F  ACTORY  /  FIELD)”  -  Crack  response  may  vary  with 
equipment  and  application  conditions.  Attention  to  “calibration,  scanning  and 
personnel  qualification”  are  required  to  support  quantitative  field  operations. 

•  “CRITICAL  CRACK  SIZE  APPLICABLE  EVERYWHERE”  - 
Specification  of  a  critical  crack  size  in  general  requires  information  of  zoning  and 
expected  location  of  an  “assumed  crack”.  The  NDE  process  qualification  and 
application  cost  will  be  adjusted  to  meet  specific  requirements.  Specification  of  a 
critical  flaw  size  in  one  location  will  not  generally  be  applicable  to  all  locations 
and  flaw  orientations. 

•  “ALL  NDE  PERSONNEL  PERFORM  AT  THF  SAME  LEVEL”  -  Personnel 
training,  qualification,  and  certification  ensure  pcrlormance  at  the  highest  possible 
capability  lor  a  specific  NDE  procedure.  Variations  in  personnel  skill  and 
dexterity  will  produce  variations  in  a  specific  NDE  procedure  performance  level. 

3.4  QUANTIFIED  NDE  CAPABILITIES 

'I'he  complex,  multiparamcter  characteristics  of  NDE  procedures  present  complex 
characterization  requirements.  Rigorous  NDli  procedure  application  requires  specific 
characterization  under  the  applied  operating  conditions,  by  the  operators  who  will  be 
applying  the  procedure.  Pull  characleri/iition  is  not  retjuired  if  an  inspection  procedure 
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(and/or)  operator  can  be  shown  to  perform  at  a  level  that  was  previously  demonstrated  for 
that  procedure.  This  databook  is  a  compilation  of  the  capabilities  of  p.ocedures  that  have 
been  demonstrated  in  various  applications  and  application  conditions.  Users  may 
demonstrate  similarity  of  procedures  and  applications  as  a  basis  for  design,  process 
and/or  personnel  performance  reference. 


NOTE;  Information  and  data  presented  in  this  Data  Book  arc  intended  for 
technical  reference  only.  The  responsibility  for  demonstrating  specific  NDE 
capabilities  remains  with  the  user. 

3.5  SUMMARY 

'fhe  broad  use  of  NDE  in  various  applications  imposes  a  variety  of  requirements  on  NDE 
process  optimization,  process  control  and  capabilities.  All  NDE  process  applications  do 
not  require  quantification.  An  adequate  NDE  procedure  capability  is  assumed  and 
supported  in  many  "prior  art"  applications  based  on  “trial  and  enor”  in  providing  the 
required  discrimination.  Such  procedures  arc,  however,  difficult  to  extend  to  new 
applications  and/or  to  meet  new  requirements.  Quantification  of  NDE  procedures 
capabilities  provides  a  transferable  link  to  new  applications  and  a  method  of  predicting  a 
capabilities  margin  without  a  hardware  qualification  test. 

Quantitative  design  /  analyses  tools  offer  economies  in  design  and  life-extension  at 
increased  confidence  levels  (W(  r  "prior  art"  methods.  Quantitative  design  requirements 
include  requirements  for  characterization  and  quantification  of  supporting  NDE 
procedures  and  tools.  The  basis  for  and  examples  of  such  quantification  are  included  in 
the  specific  cases  analyses  in  the  Appendices  of  this  data  book. 
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4,  REQUIREMENTS  FOR  QUANTIFICATION  OF  NDE 

4.0  DAMAGE  TOLERANT  /  FAIL  SAFE  /  SAFE  LIFE  ANALYSES 

Advanc'.ed  materials  and  structures  analysis  methods  incorporate  quantification  of  fracture 
and  fatigue  life  properties  based  on  knowledge  of  material  /  component  configuration  and 
condition  (integrity).  An  essential  element  of  both  fracture  and  safe  life  analyses  is  the 
assumption  ol'  the  presence  of  an  initial  flaw,  of  a  known  size  at  the  begimiing  of  the 
material  /  component  life,  fhe  analysis  methods  are  collectively  known  and  documented 
as  DAMAGE  TOLEIL4NT/  FAIL  SAFE  analyses  [REF  4-1]  and  SAFE-LIFE  analyses 
[REF  4-2].  These  methodologies  were  developed  and  were  first  applied,  on  a  general 
scale,  in  the  design  and  life-system  management  of  the  National  Aeronautics  and  Space 
Administration  (NASA)  Space  Shuttle  and  on  the  United  States  Air  Force  B1  Bomber 
program.  Subsequent  designs,  lile-cycle  analyses  and  life-extension  analyses  of  modern 
engineering  structures  and  systems  have  incorporated  variations  oi' these  methodologies. 

A  key  element  of  safe-life  analyses  is  the  assumption  oi'  the  presence  ol'  an  initial  Haw. 
Nondestructive  evaluation  is  the  primary  tool  in  both  assessing  the  condition  of  a  safe-life 
component  and  in  quantif'ying  the  flaw  size  that  mu.st  be  used  in  the  analyses. 
Nondestructive  evaluation  is  increasingly  important  in  life-cycle  management  of 
engineering  materials,  components,  structures  and  systems.  NDE  procedure  peri'ormance 
based  on  "best  effort"  and/or  "adequate  effort"  cannot  be  expected  to  support  quantilled, 
safe-lilc  requirements.  Rcquircincnts  for  quantification  of  NDE  performance  capabilities 
impose  changes  in  design  i.ngineering  practices,  disciplines  and  documentation 
(including  conliguration  control)  requirements.  A  "no  flaws"  criteria  is  no  longer 
acceptable  for  either  design  analy.ses  or  for  NDE  applications  that  support  the  sale-life  of 
an  engineering  system. 

4.1  “FRACTURE  CRITICAL”  REQUIREMENTS 

Safc-lil'c  analyses  provide  tools  for  evolving  and  quantif'ying  design  parameters 
(constraints  and  adequacy)  and  in  the  identification  of  life-limiting  components.  Life 
limiting  components  may  be  designated  as  "I'racture  critical"  and  thereby  invoke  specific 
requirements  for  production,  handling,  sciwicc  life  usage,  maintenance  /  inspection, 
inspection  intervals,  and  criteria  I'or  "retirement  for  cause".  A  "fracture  critical" 
designation  is  imposed  when  Iracturc  or  failure  oi  the  part  resulting  from  the  occurrence 
and/or  propagation  of'  a  crack  may  result  in  a  catastrophic  event  that  could  result  in  the 
loss  of  life  and/or  mission.  A  "fracture  critical"  designation  maybe  be  imposed  by  one 
or  more  of  the  following: 

•  BY  DEI'lNFflGN  -  When  “prior  art”  /  experience  has  identified  a  need  for  special 
consideration  in  design  and  service  usage  (I'or  example,  a  pressure  vessel); 

•  REDU'NDANC’Y  /  FAIL-SAFE  -  When  the  component  constitutes  a  single  point 
failure  and  safe-life  is  not  within  the  design  margins  established  by  “prior  art”; 
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•  SAFE-LIFE  -  When  the  safe-life  analysis  /  use  of  the  component  is  not  within 
the  established  design  parameters  and  margins.  The  design  parameters  may 
include  requirements  for  detection  of  cracks  of  a  size  that  is  below  the 
accepted  limit  as  designated  in  “NASA/FLAGRO”  [REF  2-2]  or  other 
applicable  references. 

Wlien  a  component  is  designated  as  "fracture  critical"  analysis  must  be  completed  to 
identify  the  constraints  and  requirements  I'or  production,  acceptance  (fitness  for  service) 
and  use  (life  limiting  /  retirement  for  cause  and  maintenance  (inspection  and  test) 
requirements).  Key  elements  in  fracture  control  and  life-cycle  management  arc  quality 
control  in  production  and  use  and  nondestructive  inspection  /  evaluation  in  “fitness  for 
purpose  acceptance”..  Nondestructive  evaluation  /  acceptance  is  critical  in  identifying  and 
quantifying  the  "initial  fiaw  size"  that  is  used  as  the  starting  point  for  "fracture  critical  / 
safe  life"  analyses  and  in  identifying  and  quantilying  the  "detectable  flaw  size"  for 
incremental  “fitness  for  purpose”  inspections. 


4.2  NOE  CAPAHILITIES  QUANTIFICATION  AND  rROBARILITY  OF 
DETECTION  (POD) 

Two  approaches  to  the  incorporation  ol'  NDE  requirements  into  design  evolved;  (1) 
Characterization  of  NDE  procedures  in  the  form  of  a  “Probability  of  Detection  (POD)” 
and  (2)  Deterministic  compliance  to  the  requirement  by  demonstration  of  capabilities  at  a 
fixed  (assumed)  (law  size  (point  estimate  of  detection  capabilities).  Both  methods  have 
value  in  practical  applications,  but  considerable  work  in  NDE-  procedure  characterization 
by  the  POD  method  was  necessary  to  gain  knowledge  and  data  on  realistic  performance 
capabilities  (putting  aside  past  assumptions  and  myths);  and  in  providing  a  basis  lor 
confidence  in  demonstrati  g  compliance  in  a  specific  application,  flic  first  known  report 
of  NDE  procedure  cliaracteri/afion  by  the  POf)  method  was  in  work  performed  under  a 
NASA  program  to  support  the  design  /  life-cycle  analysis  for  the  NASA  Space  Shuttle 
program  [REF  4-3  [.  'ibis  work  and  suliscquent  as.sessmenls  using  the  .same 
methodologies  jirovided  the  basis  for  the  NASA  Space  Shuttle  design.  This  work 
provided  the  initial  basis  for  the  NDE  capabilities  data  that  is  incorporated  in  the 
“NASA/Fl.AGRO”  analy.sis  program  |RET  4-2].  An  example  of  a  typical  "probability  of 
detection  (FOD)"  curve  is  shown  in  Figure  4-1. 
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0.000  0.090  0.100  O.lfO  0.200  0.290  0.200  0.290  0.409  0,420  0.900  0.910  0.900  0.990  0.700  0.790 

CRACK  LENGTH 


FKIlIRE  4-1  A  Typical  Pntbability  of  Detection  Curve 


4.3  “NASA/FLAGRO”  INITIAL  FLAW  SIZES 


The  “NASA/l'LAGRO"  program  includes  “NDT  In.speetion  Tecluhque  and  Respective 
I'law  Si/.c  Criterion"  as  delbult  values  for  various  crack,  eases.  The  designer  has  the 


option  oi' using  the  default  values  for  initial  as.sessments  or  to  input  more  specific  values 
based  on  demonstrated  NDlt  procedures  capabilities  and  supporting  data  available  ibr  the 


specil'ic  design  case,  'flie  “NASA/f'LA(iRO”  initial  Haw  sizes  take  into  account  some 
variations  in  the  analysis  method,  the  aspect  ratio  of  the  crack  and  the  thickness  ol'thc  test 


object.  'I'he  “I'lASA/l'LAGRO"  VERSION  2.03,  Tables  and  reference  analysis  cases  are 
reproduced  (by  permission)  herein,  for  user  convenience  and  continuity  in  reference, 


CAU'l'IOM:  I’hc  user  i.s  re.sponsiblc  for  reference  to 

ehanyes  and  updates  in  the  “NASA/FLACRO” 
program  and  for  use  of  specific,  demonstrated 
flaw  sixes  in  specific  applications. 


I'or  purposes  of  orientation,  crack  depth,  a  ,  is  denoted  as  the  crack  depth  in  the  thickness 
or  diametrical  direction.  Crack  length,  c,  is  denoted  as  crack  length  or  half-crack  length  in 
the  width  or  peripheral  direction.  I’art  thickness  is  denoted  as,  t,  as  shown  in  Figure  4-2. 


NONDESTRUCTIVE  EVALUATION  (NDE)  CAPABILITIES  DATA  BOOK 


FIGURE  4-2  Cross  suction  view  of  a  part  containing  a 
surface  (thumb-nail)  crack 


In  the  reiercnce  case  (Figures  4-.'!  through  4-2h)  the  following  notation  is  used: 


a . Crack  deptli  in  thickness  or  diametrical  direction 

B . Edge  distance  for  a  liole 

c . Crack  length  or  half-crack  length  in  the  width  or  peripheral  direction 

D . I  lole  diameter 

M . Resultant  moment 

P . Resultant  force 

R . Component  radius 

S(),  S|.  S2,  S3,  S4 . Nominally  applied  stress 

(X . Included  angle 

t . fhickness  of  plate,  sheet,  extrusion,  forging 

W . Specimen  width 


Part  geometry,  crack  location,  crack  orientation  and  part  load  directions  arc  shown  Ibr  the 
standard  case  analyses  available  within  “NASA/FLACRO”  (Table  4-1).  Fhe 
corresponding  alhtwablc  flaw  sizes  for  various  “STANDARD  NDF”  procedures  are 
shown  in  tabular  Ibrm  for  various  case  analyses  and  part  thicknesses  (Table  4-2). 
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Table  4-i  -  Description  of  Crack  Cases  [REF  4-2j 


Throuph  Cracks:  | 

TCOl 

Through  crack  at  center  ol‘  plate 

TC02 

Through  crack  at  edge  of  plate 

TC()3 

Through  crick  Trom  an  offset  hole  in  a  plate 

TC04 

Through  crack  from  hole  in  a  lug 

'l’C05 

Through  crack  from  hole  in  plate  with  a  row  of  holes 

TC06 

Through  crack  in  a  sphere 

TC07 

Through  crack  in  a  cylinder  (longitudinal  direction) 

TC08 

Through  crack  in  a  cylinder  (circumferential  direction) 

TC09 

'Through  crack  from  hole  in  a  plate  untler  combined  loading 

TCIO 

1  hrough  crack  from  hole  in  a  cylinder  (circumferential  direction)  j 

Embedded  Cracks:: 

liCOl: 

limhcdcled  crack  in  a  Plate 

Corner  Cracks: 

CCOl 

Corner  crack  in  a  rectangular  plate 

CC02 

Corner  crack  from  hole  in  a  plate 

CC()3 

Corner  crack  from  hole  in  a  lug 

Surface  Cracks: 

SCOl 

Suri'ace  crack  in  a  rectangular  plate  -  tension  and/or  bending 

St'{)2 

Surface  crack  in  a  rectangular  plate  -  nonlinear  stress 

SC03 

Surface  crack  in  a  spherical  pressure  vessel 

SC()4 

Longitudinal  surface  crack  in  a  hollow  cylinder  -  nonlinear  stress 

SC05 

'Thumbnail  crack  in  a  hollow  cylinder 

SCOb 

Circumferential  crack  in  a  hollow  cylinder  -  nonlinear  stress 

SCO? 

'Thumbnail  crack  in  a  solid  cylinder 

SC'()8 

Thumbnail  crack  in  a  threaded,  solid  cylinder 

S('(W: 

C'ireuml'erential  crack  at  thread  root  in  a  cylinder 

SC  10 

C’ircuml'erentia!  crack  in  a  threaded  pipe  -  nonlinear  stress 
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TC01 

So 

4  4-  A  4A 

- 


So 


4  44M 


[^  »| 

^  2c^ 

-w- 


M 


S.  =  ^ 

Wt^ 

t  =  thickness 


w- 


-* — ► 


M 

^  So 


Through  Crack  at 
Center  of  Plate 


M 


So  T'44  +  4 

Through  Crack  at 
Edge  of  Plate 


Through  crack  cases  1  &  2 


▲ 

t 


I 


-4  2c  ► 


c  ►; 


Cross  sectional  view 

Figures  4-3  (TC01)  and  4-4  (TC02) 
[REF  4-2,  Fig.  9] 
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TC  0  3 


4  4  4  44 


So  +  P  /  W  t 


W 


3- 


D 


^  4  4  4  4 


S  =P/Dt 

3 

Sr 


C  ^ 

t  =  thickness 


TC04 

P/Wt 

4.  4  .4  44 


l^\N  JS3  =  P/Dt 


t  =  thickness 
D/W<0.5 


ThroughCrack  from  an 
Offset  Hole  in 
a  plate 


ThroughCrack  from  a 
Hole  in  a  Lug 


Through  crack  cases  3  &  4 


c 

►  D!^ 


Cross  sectional  view 


Figures  4-5  (TC03)  and  4-6  (TC02)) 
[REF  4-2,  Fig.  10] 
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TC05 


TC06 


TENSION  LOADING 

(  ,D,  .c, 

M  to  41  to 

(i^  (•)  '  ' 

^  H  ^  H  ► 


^ ^  ^  Sq 


B/ 

\ 


PIN  LOADING 


t’ 

r  H 


r 


H 


D 


Sg  =  P/  D  t 
t  =  thickness 


ThroughCrack  from  a 
Hole  in  a  Plate  with  a 
Row  of  Holes 


ThroughCrack 
in  a  Sphere 


Through  crack  cases  5  &  6 


c 


2c 

\' 

/ 


section  of  sphere  AA 
R  =  Mean  radius  =  (D-t)  /  2 


Cross  sectional  view 


Figures  4-7  (TC05)  and  4-8  (TC06)) 
[REF  4-2,  Fig.  11] 
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TC07 


TC08 


SQ=pR/t 


27tRt 


c/^/^<  10 


C5  -a  R 


R  =  Mean  radius  = 


R  =  Mean  radius  =  (D-t)  1 2 


ThroughCrack  in  a  i 
Cylinder  pV 
(Longitudinal  Dlrection)\ 


ThroughCrack  in  a 
Cylinder 
(Circumferential  Direction) 


Through  crack  cases  7  &  8 


2a 

A  A 


ti  \i  2c  ►! 


*  t 


R  ’ 


I  rii 


<  D  ►! 
A  -  A 


Cross  sectional  view 


Figures  4-9  (TC07)  and  4-10  (TC08)) 
[REF  4-2,  Fig.  12] 
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TC09 


TC10 


^  >  M 


°  *  *  *W » D 

"  ^^T!2s,=  p/Dt 

^  =  6  M  /  w  r 


c  =aR.  R  = 


D-t 


0  <  a  <p/2 
1 ,2,  or  4  holes 


Through  Crack  from  a 
Hole  in  a  Plate 
Under  Combined  Loading 


Through  Crack  from  a 
Hole  in  a  Cylinder 
(Circumferential  Direstion) 


Through  crack  cases  9  &  10 


Figures  4-1 1  (TC09)  and  4-1 2  (TC01 0)) 
[REF  4-2,  Fig.  13] 
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EC01 


2c/W  <  0.5 


Embedded  Crack 
in  a  Plate 


t 


Embedded  crack  case  1 


Cross  sectional  view 


Figure  4-13  (EC01) 
[REF  4-2,  Fig.  14] 
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CCOl 


Corner  Crack  in 
a  Rectangular  Plate 


Corner  crack  case  1 


Cross  sectional  view 

Figure  4-14  (CC01) 
[REF  4-2,  Fig.  15] 
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.j  ■  4 


CC02 


CC03 


Sg  =P/Dt 


h ' 

Wii  Ll 

t 

--  -y 

y 

M 

c  I--* 

Corner  Crack  From 
a  Hole  in  a  Plate 


Corner  Crack  From 
a  Hole  in  a  Lug 


Corner  crack  cases  2  &  3 


1^ 

t 

T 


- . ■_ - — — - -r 

'J  /  %  ; 

'M 

- 

a 

. 

c  - 

► 

D 

◄ 

Cross  sectional  view 

Figures  4-15  (CC02)  &  4-16  (CC03) 
[REF  4-2,  Fig.  16] 
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SCOl 


SC02 


Surface  Crack 
in  a  Reclrangular  Plate  - 
Tension  and  /or  Bending 


Si(X)  i  =0,1, 2, 3 


0<  --  ^1 
W 


X  =  x/t 


Surface  Crack 
In  a  Rectrangular  Plate  - 
Nonlinear  Stress 


4 

t 

* 


Surface  crack  cases  1  &  2 


Cross  sectional  view 

Figures  4*1 7  (SC02)  &  4-1 8  (SC03) 
[REF  4-2,  Fig.  17] 
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SC03 

internal  or  external  crack 


SC04 

internal  or  external  crack 
S  0  (X)  =  Stresses  due  to 


S,  = 


6M 


1  “  - r  S  =  p  (internal  pressure) 

Wt  2  4  ^ 


Surface  Crack  in 
a  Spherical  Pressure  Vessel 


Longitudinal  Surface  Crack  In 
a  Hollow  Cylinder  - 
Nonlinear  Stress 


Surface  crack  cases  3  &  4 

X  =  x/t 


(from  inner  wall) 


Cross  sectional  view 

Figures  4-19  (SC03)  &4-20  (SC04) 
[REF  4-2,  Fig.  18] 
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SC05 

internal  or  external  crack 


SC06 

internal  or  external  crack 


S(X) 


lit  ti 


It 


S(X) 


Thumbnail  Crack 
in  a  Hollow  Cylinder 


Surface  crack  cases  5  &  6 


S(X) 


Jll  ll|X  =  x/t  |ll  11 


(from  inner  wall) 

Circumferential  Crack 
in  a  Hollow  Cylinder  - 
Nonlinear  Stress 


S(X) 


2.2  ^D/t  2000 


0.05  >  a/c  >1.2 


D>4t 


Cross  sectional  view 


Figures  4-21  (SC04)  &  4-22  (SC06) 
[REF  4-2,  Fig.  19] 
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SC07 


SC08 


Thumbnail  Crack  in 
a  Solid  Cylinder 


O  •  “1  fl 

c  =  2r  sin 

Sq  &  based  on  2r 

2r  =  minor  diameter 


Circumferential  Crack  in 
a  Hollow  Cylinder  - 
Nonlinear  Stress 


Surface  crack  cases  7  &  8 


a  <  1.2  r 


4M 

o 

o 

7ir 


Cross  sectional  view 


Figures  4-23  [SCOT)  &  4-24  {SC08) 
[REF  4-2,  Fig.  20] 
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SC09 

M<~^ - 


- M 


Circumferential  Crack  at 
Thread  Root  In  a 
Cylinder 


scio 

m  m  So 

32M 

jiD^ 

m  So 


Circumferential  Crack  in 
a  Threaded  Pipe  - 
Nonlinear  Stress 


Surface  crack  cases  9  &  1 0 
^  ^  External  ^  Internal 


Cross  sectional  view 

D  =  Major  diameter  D  =  Major  diameter 
d  =  Thread  depth  d  =  Thread  depth 
a  =  d  +  crack  depth  a  =  d  +  crack  depth 


Figures  4-25  (SC09)  &  4-26  (SC1 0) 
[REF  4-2,  Fig.  21] 
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Table  4-2  -  Standard  NDE  Flaw  Sizes  for  STS  Payloads 
US  Customary  Units  [RE?'  4-21 


Crack  Case 

NDE  lns|icction 
Technique  or  Flaw 
Size 

Criterion 

Thickness  Range 

(in-) 

**Crack 
(lci)th,  a 

Size  (in) 
crack 
length, 
c 

TCO 1  ,TC0G,TC07,TC08,TC10 

EC 

t  ^0.050 

— 

0.050 

(open  surface) 

P 

t  <  0.050 

— 

0.100 

P 

0.050  <  t  <  0.075 

— 

0.1 5-t 

MP 

t  <  0.075 

— 

0.125 

TC()2  (edge) 

EC 

t  <  0.075 

— 

0.100 

P 

t  <  0.100 

— 

0. 100 

MP 

t  <  0.075 

— 

0.250 

TC03  .  TC04,  TC05,  TC()9 

EC 

t  <  0.075 

0.100 

(hole) 

P 

t  <  O.lOO 

0. 100 

MP 

t  <  0.075 

— 

0.250 

HPD  -  driven  rivet 

any  thickness 

— 

0.005 

HPD  -  other  holes 

t  <  0.0.50 

— 

0.050 

ECO! 

R 

0.025  <  t  <  0,107  t 

0.3  St 

0.075 

R 

>  0.107 

().35t 

().7t 

U 

t  <  0.300 

0.065 

0,065 

CCOl  (edge) 

EC 

t  >  0.075 

0.075 

0.075 

P 

t  >  0.100 

O.lOO 

0,100 

MP 

t  >  0.075 

0.075 

0,075 

U 

t  >  O.KH) 

0.100 

0,100 

CC02,  CC03(holc) 

EC 

t  >  0.075 

0,075 

0,075 

P 

t  >  O.lOO 

0.100 

0.100 

MP 

t  >  0.075 

0.075 

0,075 

II 

t  >  0.100 

0,100 

0.100 

HPD  -  not  driven  rivet 

t  >  0.050 

0050 

0.050 

SCOl,  SC()2,  SC03 

EC 

t  >  0,0.50 

(),()20 

0,100* 

(oi)cn  surface) 

0,050 

0,050** 

P 

t  >  0,075 

0,025 

0.125* 

0,075 

0.075** 

MP 

t  >  0  075 

0,03X 

0.188* 

0,075 

0,125** 

R 

0,025  <  t  c  0.107  1 

0.7l 

0,075 

>  0,107 

0.71 

0.7t 

U 

t  >  0.100 

0.030 

0.1.50* 

0.06 

0.065** 

SC()4,  SC05 

EC  (ext  &  iiU) 

t  >  0.050 

().020 

0.100* 

0.050 

0.050** 

P  (ext) 

t  >  0.075 

0,025 

0.125* 

0.075 

0.075** 

MP(aet) 

t  >  0,075 

0,038 

0.188* 

0.075 

0.125** 

R  (ext  &  int) 

0.025  <  I  <  0.107  1 

0,7t 

0.075 

>  0,107 

0.7t 

0.7t 

U(cxt  int) 

t  >  0.100 

0  030 

0.150* 

0.065 

0,065** 
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Table  4-2  -  Standard  NDE  Flaw  Sizes  for  STS  Payloads 
(Concluded) 

US  Customary  Units  jREF  4-2] 


Crack  Case 

NDE  Iiispcctiun 
Technique  or  Flaw 
Size 

Criterion 

Thickne.ss  Ranee 
(in.) 

*^Crack 
depth,  a 

Size  (in) 
crack 
length, 
c 

SC06 

EC  (ext  &  int) 

t  >  0.050 

0.020 

— 

P  (ext) 

t  >  0.075 

0.025 

— 

MP(act) 

t  >  0.075 

0.038 

... 

R  (ext  &  int) 

0.025  <  t  <  0.107 

().7t 

... 

U(cxt  &  int) 

t  >  0.100 

0,030 

— 

SC07 

EC 

— 

Eql8,19 

0,050 

P 

... 

Eql8,19 

0.075 

MP 

— 

Eql8.19 

0.125 

SC08  (rolled  threads) 

P 

— 

Eql8,19 

0.075 

SC09,  SC  10  (machined  threads) 

max  machiniitg 
defect  size 

thd  depth 
■1  0,127 

Notes: 

EC  =  eddy  current . (ET)  R  “  X-radio(;rapluc...(RT)  MR  =  nuigiiclic  particle . (MT) 

P  =  dye  /  fluorcscciit  tx:nclrant..(PT)  U  -  ultrasonic . (UT)  UPD  =  hole  penetration  defect  (max) 

*  minimum  crack  depth  **  maxiinuin  crack  depth  *♦*  1  in.  =  25.4  mm 
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Crack  Case 


TCO 1  ,TC06,TC07,TC08,TC  1 0 
(open  surface) 


TC02  (edge) 


Table  4-2  -  Standard  NDE  Flaw  Sizes  for  STS  Payloads 
SI  Units  I  REF  4-21 


NDE  Inspcctiun 
Technique  or  Flaw 
Size 

Criterion 


EC 

P 

P 

MP 


Thickness  Kans'e  (mni 


t  <_  1.270 
t<  1.270 
1.270  <  t  <  1.905 
t  <  1.905 


TC03  ,  TC04,  TC05,  TC09 
(hole) 


CCOl  (edge) 


CC02,  CC03  (hole) 


SCO  I,  SC02,  SC03 
(open  surface) 


EC 

P 

MP 


EC 

P 

MP 

HPD  -  driven  rivet 
HPD  -  other  holes 


R 

R 

U 


EC 

P 

MP 

U 


EC 

P 

MP 

U 

HPD  -  not  driven  rivet 


SC04,  SC05 


EC  (ex!  &  int) 
P  (ext) 
MP(act) 

R  (ext  it  int) 
U(c.xt  &  int) 


t  <  1.905 
I  <  2.540 
t  <  1.905 


t  <.1.905 
t  <  2.540 
t  <.  1.905 
any  thickness 
t  <.  1  970 


0.635  <  t<  2,781 
t  >  2.781 
I  >  7.620 


t>  1.905 
t>  2.540 
t>  1.905 
t>  2.540 


t  >  1,905 
I  >  2.540 
t  >  1.905 
t  >2.540 
t  >  1.270 


t 

> 

1.270 

t 

> 

1.905 

t 

> 

1,905 

0,635 

< 

t  <  2.781 

t 

> 

2.781 

1 

> 

2540 

t  >  1.270 
t  >  1.905 
t  >  1.905 

0.635  <  t  <  2.781 
t  >  2.781 
1  >  2540 


2.540* 

1.270** 

3.175* 

1.905** 

4.755* 

.175** 

1.905 

0.7t 

1.270* 

1.651** 


1.270** 

,175* 

1,905** 

.755* 

3.175** 

1.905 

0.7i 

.270* 

1.651* 
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Table  2  -  Standard  NDE  Flaw  Sizes  for  STS  Payloads 
SI  Units  (Concluded)  [REF  2] 


Crack  Case 

NDE  Inspection 
Technique  or  Flaw 
Size 

Criterion 

Thickness  Range  (mm) 

•"Crack 
depth,  a 

Size  (nini) 
crack 
length, 
c 

SC06 

EC  (ext  &  int) 

t 

>  1.270 

0508  0,635 

— 

P  (ext) 

t 

>  1.905 

0.965 

— 

MP(act) 

t 

>  1.905 

0.7t 

... 

R  (c.xt  &  im) 

0.635 

<  t  <  2,781 

0.762 

... 

U(cxt  &  im) 

t 

>  2540 

— 

SC07 

EC 

— 

Eql8,19 

1.270 

P 

— 

Eql8,19 

1.905 

MP 

... 

Eql8.19 

3.175 

SCOK  (rolled  threads) 

P 

— 

2ql8.19 

1.905 

SC09,  SCIO  (machined  threads) 

max  machining 
defect  size 

thd  depth 
+  0,127 

Notes: 

EC  =  eddy  current . (ET)  R  =  X-radiogniphic...(RT)  MP  =  magnetic  particle . (MT) 

P  =  dye  /  fluorescent  penetrant,. (PT)  U  ~  ultrasonic . (UT)  HPD  =  hole  pci\ctration  delect  (lUii.x) 

*  minimum  crack  depth  maximum  crack  depth  *♦*  1  in.  =  25.4  mm 
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4.4  SUMMARY 

Initial  flaw  /  crack  size  “generic”  values  for  NDE  capabilities  in  design  have  been  derived 
from  “prior  art”  and  have  been  incorporated  into  modern  design  /  analysis  tools.  The  initial 
flaw  /  crack  size  “generic”  valius  are  periodically  updated  and  expanded  to  reflect 
advances  in  NDE  technology.  Design  values  are  included  in  this  data  book  for  the 
convenience  of  the  user  (Courtesy  of  NASA  -  JSC).  Validation  of  NDE  capabilities  in 
specific  applications  are  the  responsibility  of  the  user  for  both  “generic”  and  “special 
NDE”  procedures  and  applications. 

REFERENCES; 

1,  Shin,  D.A.,  J.P.  Gallagher,  A.P.  Berens,  P.D,  Huber  and  J.  Smith,  Damage  Tolerant 
Design  Handbook.  WL-TR-94-40.S3,  Wright  Laboratory,  Wright  Patterson,  AFB,  OH, 
May  1994. 

2,  Fatigue  Crack  Growth  Computer  Program  “NASA/FLAGRO”.  Version  2  03. 
National  Aeronautics  and  Space  Adminstration,  JSC-22267 A, 

3,  Rummcl,  Ward  D,,  Paul  H.  Todd  Jr.,  Sandor  A.  Frecska,  and  Richard  A.  Rathkc,  The 
Detection  of  Fatigue  Cracks  by  Nondestructive  Testing  Methods.  NASA  CR-2369 
February  1974. 
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5.  NDE  CAPABILITIES  DATA  FORM  AND  PRESENTATION 

5.0  GENERAL 

The  usual  forms  of  reporting  nondestructive  evaluation  (NDE)  data  are  “Hit  /  Miss”  (Pass 
/  Fail)  or  a  recorded  signal  response.  “Hit  /  Miss”  reporting  is  the  resolution  of  NDE 
procedure  application  and  interpretation  /  discrimination  in  accordance  with  established 
acceptance  criteria.  Only  the  decision  result  is  recorded  and,  in  many  cases,  no  additional 
record  of  the  inspection  performance  levels  are  preserved.  Signal  response  level  recording 
enables  post  process  interpretation  and  discrimination  and  provides  an  opportunity  for 
review  by  multiple  technologists  and  for  discrimination  using  varying  levels  of 
acceptance  criteria.  Discrete  signal  response  data  are  easily  obtained  for  some  NDE 
processes  while  others  are  more  difficult  to  record  due  to  the  nature  and/or  multiple 
processing  steps  involved  in  completing  the  process.  Automated  NDE  processes  arc  more 
amenable  to  process  parameter  recording,  recording  of  process  results  in  the  form  of  an 
image  or  data  stream,  and  in  recording  the  accept  /  reject  decision  using  the  programmed 
discrimination  parameters, 

'file  objective  of  quantifying  NDli  capabilities  is  to  relate  the  output  of  the  NDE  process  / 
procedure  to  a  desired  (or  undesired)  characteristic  of  the  test  object.  A  multitude  of 
inspections  are  performed  to  “detect  cracks”  as  a  characteristic  of  primaiy  importance  in 
structural  integrity  analyses.  Although  other  characteristics  are  measured  and  assessed, 
crack  detection  is  the  primary  focus  of  data  presented  herein.  Quantification  oi’  detection 
as  a  function  oi' crack  size  is  the  output  of  most  NDE  capabilities  characterization.  Such 
quantification  answers  a  basic  question  “How  large  a  crack  might  be  mis.sed?”  (“How 
small  a  crack  can  be  detected?”).  The  second  part  of  the  query  is  “ilow  confident  are  wc 
in  the  answer  provitled’.'’'' 

Unfortunately,  all  cracks  arc  not  created  equal  and  cracks  of  equal  size  can  provide 
widely  varying  responses  with  some  NDlv  procedures.  The  detection  capability  measured 
is  thus  specific  to  a  given  crack  type  (fatigue,  stress  corrosion,  tear,  etc,).  It  is  thus 
neccs.sary  to  select  /  pi'oduee  cracks  that  are  representative  of  the  type  to  be  detected  in 
the  applied  NDE  procedure.  Artificially  induced  fatigue  cracks  are  frequently  used  in 
NDE  capabililies  assessments  because:  they  are  relatively  easy  to  produce  and  reproduce; 
they  are  I'rcquently  the  type  of  crack  that  must  be  detected  by  service  lil’e  inspections;  and 
because  they  are  one  t)f  tlie  must  (.lifficult  crack  types  to  detect. 

If  the  length  of  a  rod  is  repetitively  measured  with  a  precision  instrument  and  the  results 
recorded,  a  range  of  values  will  be  obtained  that  rclleet  variability  in  the  measurement 
process.  In  like  manner,  repetitive  NDli  measurements  on  a  single  crack  will  produce  a 
range  of  values  that  are  charactcri.stic  to  the  measurement  process.  If  the  basis  for  NDE 
acceptance  (threshold)  is  set  at  a  level  that  is  within  the  range  of  measurement  variance 
for  an  NDE  procedure,  a  variation  on  t)Utput  (accept  /  reject)  will  result  and  useful 
tliscriminalion  will  in)t  be  provided. 
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The  NDE  capabilities  value  reported  must  thus  be  tempered  by  the  type  of  crack  (test 
artifact)  used  in  the  test;  by  the  NDE  procedure  used,  and  by  the  discrimination  level 
used  as  the  basis  for  accept  /  reject  (“Hit  /  Miss”).  Confidence  in  the  value  obtained  will 
be  chiuacterized  by  the  number  of  cracks  (and  crack  size  distribution)  used  to  obtain  the 
result. 


5.1  COLLECTION  AND  PRESENTATION  OF  NDE  CAPABILITIES  DATA 

The  established  and  accepted  metric  for  characterizing  the  capability  of  an  NDE 
procedure  is  a  probability  of  detection  (POD)  curve.  A  POD  curve  is  produced  by: 

•  Applying  a  specific  NDE  procedure  to  a  large  number  of  cracks  (artifacts)  of 
varying  size  that  represent  the  artiiact  to  be  detecled  in  a  production 
application; 

•  Correlating  and  recerrding  the  results  of  inspection  with  each  crack  size; 

•  Analyzing  the  data  by  lilting  the  results  to  a  model  that  is  representative  of  the 
type  ol'data  produced;  and 

•  Plotting  the  results  in  the  form  of  probability  of  detection  as  a  function  of  fiaw 
size. 

'fhe  analysis,  model  and  plotting  procedure  differ  witlr  type  of  data  produced  (“Hit  / 
Miss”  or  signal  response  level).  A  typical  POD  curve  is  shown  in  Figure  5-1 . 


FKiURFi  5-1  A  Typical  Probability  of  Detection  Curve 
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A  lower  95%  confidence  bound  may  be  added  to  reflect  the  calculated  confidence  based 
on  the  crack  sample  size,  distribution  and  results  obtained,  The  actual  crack  size 
individual  detection  result  is  plotted  as  an  “X”;  at  100%  if  detected  and  at  0%  if  missed 
(“Hit  /  Miss  data  only).  Identification  of  other  features  of  the  data  set  may  be  added  to 
uniquely  describe  and  identify  the  plot. 

The  single  valued  parameter  that  is  used  to  characterize  the  procedure  is  that  crack  size  at 
which  the  POD  reaches  the  90%  level.  The  single  valued  parameter  that  is  often  quoted  in 
validation  requirements  is  that  crack  size  at  which  the  lower  95%  confidence  line  reaches 
the  90%  level  (90/95  value). 
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6.  DESIGN  OF  THE  EXPERIMENT  FOR  NDE  CAPABILITIES 

ASSESSMENT 

6.0  OVERVIEW 

The  “design  of  the  experiment”  to  characterize  the  capabilities  of  an  NDE  procedure  is 
important  to  producing  “well  behaved”  data  and  to  provide  confidence  in  the  results 
obtained.  Critical  factors  in  design  of  the  experiment  are: 

•  Selection  /  production  of  cracks  that  are  representative  of  the  NDE  application  and 
test  object; 

•  Avoid  "resampling"  of  the  same  crack  since  an  important  element  of  the 
characterization  is  the  crack  to  crack  variation. 

•  Producing  a  crack  size  distribution  such  that  the  majority  of  cracks  are  at  a  size  near 
the  threshold  value  (90%  detection  threshold);  (Note:  The  expected  threshold  value 
may  not  be  the  actual  value  produced  and  “ill  behaved”  data  may  be  produced  if  the 
measured  threshold  value  differs  significantly  from  that  anticipated).  This  data  book 
is  expected  to  be  of  significant  aid  in  selecting  an  appropriate  crack  size  distribution 
for  user  characterization  of  similar  NDE  procedures; 

•  Establishing  controlled  NDE  procedures  that  will  be  used  in  damage  tolerance 
inspections;  (Attention  should  be  given  to  assuring  that  the  NDE  parameters  are 
controlled  to  /vidc  the  maximum  po.ssiblc  reproducibility  and  repeatability  of 
results  obtained  by  application  of  the  NDE  procedure.  The  POD  method  of  NDE 
procedure  characterization  has  been  of  significant  value  in  increased  understanding  of 
NDE  processes  and  significant  control  parameters); 

•  Data  collection  under  all  variations  of  conditions  expected  in  application  of  the  NDE 
procedure; 

•  Disciplined  and  accurate  data  collection  to  relate  detection  to  the  test  object  artifact 
being  assessed; 

•  Data  analysis  that  is  consistent  with  “prior  art  and  knowledge”;  and 

•  Data  documentation  and  presentation  in  sufficient  detail  to  enable  and  anticipate 
duplication  of  results,  if  the  experiment  were  repeated. 

The  POD  result  /  metric  provided  is  specific  to  the  test  object,  test  artifact  and  NDE 
procedure  used  and  reflects  crack-to-crack  variations  in  the  test  set,  NDE  procedure 
variations  in  application,  and  acceptance  level  /  discrimination  variations  used  in 
interpretation  of  the  NDE  process  output.  POD  characterization  has  evolved  as  a  useful 
NDE  engineering  tool  for  NDE  procedure  design  and  development;  for  comparison  of 
various  NDEi  procedures;  for  validation  oi'  specific  NDE  procedures;  and  for  personnel 
skill  qualification. 

For  more  detailed  information  on  design  of  experiment  and  methodology  for 
characterizing  NDE  procedures  by  the  POD  method,  see  REFERENCE  6-1.  For  a 
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historical  review  of  documents  describing  development  and  refinement  of  POD 
characterization,  see  REFERENCES  6-2  thru  6-4. 

6.1  TRADE-OFFS  BETWEEN  IDEAL  AND  PRACTICAL  NDE  PROCEDURE 
DEMONSTRATION  AND  VALIDATION 

Although  POD  characterization  is  a  recognized  method  of  NDE  procedure 
characterization  and  validation,  variations  and  alternates  to  the  POD  method  may  satisfy 
the  specific  needs  /  requirements  of  the  user.  Three  variations  on  NDE  procedure 
validation  are  discussed  in  the  following  sections.  The  user  must  select  the  method  that 
best  suits  the  application. 

6.2  MODELING  POD  RESPONSE  ,  (a-hat)”  VERSUS  “a”  DATA 

The  fidelity  of,  and  options  for  use  of,  POD  data  are  increased  by  quantification  and 
documentation  of  process  parameters  and  signal  response  levels  used  in  the  detection  and 
discrimination  processes.  If  signal  amplitudes  are  quantified  and  used  as  the  basis  for 
acceptance  /  discrimination,  post  analysis  and  processing  at  different  threshold 
discrimination  levels  may  be  used  to  optimize  NDE  procedure  performance. 
Methodology  has  been  developed  and  documented  for  use  ol'  the  measured  response 
versus  actual  crack  size  “a.”  by  fitting  the  data  to  a  POD  model.  For  a  detailed 
discussion  of  this  method  of  POD  modeling,  sec  REFERENCE  6-1.  Software  for  this 
method  of  analysis  is  available  through  the  United  States  Air  Force. 

For  NDE  procedures  that  produce  a  precision  output,  this  analysis  method  enables  NDE 
proccdin'e  characterization  with  fewer  observations  /  data  points  than  is  possible  using 
“hit  /  miss”  data.  This  method  also  provides  a  means  of  linking  data  obtained  on  various 
crack  artifacts  to  actual  crack  response  and  thus  has  significant  value  in  predicting  NDE 
capabilities  for  defects  that  cannot  be  readily  produced.  In  like  manner,  linking  NDE 
procedure  capabilities  to  quantified  signal  response  levels  provides  a  means  of  predicting 
PdD  capabilities  based  on  model  based  prediction  of  response  levels  ibr  a  given  NDE 
procedure. 

6.3  “ACCEI’I  /  RE.1ECT”  (“HIT  /  MISS”)  DATA 

Many  NDE  procedures  depend  on  process  control  and  pattern  recognition  and 
discrimination  by  a  human  operator  to  produce  an  accept  /  reject  (“hit  /  miss”)  output, 
fhe  output  is  binomial  in  nalurc  and  a  point  estimate  of  detection  capability  at  a  single 
crack  size  (POD  (a))  may  be  obtained  for  large  sample  sizes.  I'hc  point  estimate  of 
detection  docs  not  provide  information  on  NDE  procedure  or  discrimination  level 
variance  and  is  thus  applicable  to  only  one  point  on  the  POD  curve.  A  lognormal 
I'orm.ulation  of  a  POD  (a)  model  was  a  natural  consequence  of  observed  behavior  of  NDE 
data  and  fitting  oi'data  to  a  lognormal  model  may  be  completed  by  the  use  of  a  maximum 
likelihood  procedure  to  estimate  the  parameters  of  the  model,  given  the  actual  data 
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observed.  This  method  of  analysis  was  introduced  by  Hcrcns  and  Ilovey  in  1981  [Rlih  6- 
5  and  6-6],  and  is  the  basis  for  most  variations  that  have  been  introduc(xl  since  then.  The 
probability  of  detection  (I’Ol )  (a) )  is  expressed  as; 

POD(a)  =  P(«  +  (a)), 

where  a  and  are  parameters  to  be  fit  to  the  data  and  T  is  an  increasing  function  of  a. 

The  cumulative  lognormal  distribution  function  is  approximated  by  the  log  -  odds  model 
and  the  data  may  be  described  by: 

exp  |o!.  +  pln(a)] 

l>OD(a)=  _ ^ _ 

1  I  exp  |(i  +  (i  ln{a)J 


where  a  =  crack  length. 


The  maximum  likclihootl  is  used  to  estimate  the  it  and  (1  parameters  oi'the  model. 

The  iimxiniuin  likelihoud  /  log  odds  method  of  aiialy.sis  was  used  for  all  “Hit  /  Miss'’ 
data  presented  in  this  data  hook. 

6.4  THE  1‘OllNl  ESTIMAl  E  (29/29)  METHOD  OE  NDE  PROCEDURE 
DEMONS  I  RM  ION  /  VALIDATION 

If  the  capability  is  known,  a  sub.set  ol'  the  full  POD  jirocess  may  be  used  to  provide  a 
measure  ol'conlidcncc  in  the  output  of  an  NDli  procedure.  The  binomial  nature  of  “Hit  / 
N4iss”  data  suggests  that  data  obtained  from  cracks  ol’  a  single  size  may  be  used  to 
provitic  confidence  that  such  cracks  will  be  detected  by  application  ol'  the  procedure, 
f  rom  sampling  theory,  29  succe.sses  out  ol’29  trials  pnrvides  a  90%  conlidence  that  the 
same  result  would  be  obtained  if  the  experiment  /  measurement  were  reported  an  infinite 
number  ol'  limes  (Note:  t  his  procedure  does  not  presume  that  the  result  obtained  is 
absolute,  but  establishes  a  measured  conlidence  (prediction)  that  the  procedure  will 
provide  the  required  detection  and  di.seriminalion  IRliP  6-7].  I'he  point  estimate  method 
is  particularly  useful  in  skill  quatilicalion  of  personnel,  when  the  general  capabilities  of 
the  iNDli  procedure  are  known,  'fhis  method  is  used  in  both  procedure  qualification  and 
personnel  qualification  as  a  part  of  the  NASA  Space  .Shuttle  program  IRliP  6-8].  Care  is 
taken  to  assure  that  the  test  artifacts  (cracks)  are  reinesentatiNC  of  the  population  to  be 
assessed  and  that  NDli  iiroccdure  application  is  consistent  with  the  te.st  conditions  used  in 
qualification. 

’I'lic  point  estimate  procedure  is  the  least  information  rich  ol’ tho.se  in  common  u.se,  'I'he 
point  estimate  test  provides  no  information  on  the  margin  that  is  inherent  to  the  NDM 
procedure  and  care  must  be  taken  to  a.ssure  that  the  point  estimate  qualification  is  above 
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the  threshold  limit  for  the  procedure.  !f  the  point  estimate  test  is  failed,  no  infonnation  is 
provided  for  use  in  process  improvement  for  process  acceptability.  Processes  that  arc 
known  to  be  near  the  limit  of  detection  /  di.scrimination,  and  detection  requirements  that 
exceed  “prior  art”,  are  not  candidates  for  qualillcati<in  by  this  method. 


6.5  POD  modj:ls  and  analysis  variations 

The  economies  of  NDl',  procedure  eharacteri/ation  by  the  POD  method  and  “ill  behaved” 
results  for  stnne  data  provide  a  continuing  challenge  for  development  oi'  better  methods 
of  analysis  and  modeling.  “Misse.s”  at  laigc  crack  sizes  and  false  calls  (detection  call 
when  no  Haw  is  present)  are  particularly  Iroiiblc.some  and  have  been  addressed  by  various 
workers.  Analysis  and  presentation  of  data  in  this  document  have  been  analyzed  by  both 
variations  of  the  “maximum  likelihood  /  log  odd.s”  method  in  their  original  presentation 
form.  Results  presented  herein  have  all  been  produced  by  the  same  “maximum  likelihood 
/  k)g  odds”  method. 

The  user  is  referred  to  Rlib'LRliNCLS  6-9  through  6-l.T  for  exploration  of  alternate 
analysis  methods.  A  common  ba.seline  method  is,  however,  recommended  for  comparison 
of  respective  results, 
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7.  NDE  PROCESS  PRINCIPLES  AND  PRACTICES 

7.0  GENERAL 

Nondestructive  evaluation  (NDE)  technology  denotes  application  of  a  diverse  array  of 
nondestructive  processes  to  monitor  /  measure  direct  material  response.  The  measured 
response  is  related  to  a  desired  material  property  or  test  objeet  attribute  by 
"intciprctation."  NDE  methods  that  are  generally  recognized  as  elements  of  "mainstream 
/  classical"  NDE  technology  arc; 

•  Visual  inspection; 

•  Liquid  penetrant  inspection; 

•  Magnetic  particle  inspection; 

•  Radiographic  inspection  (X-ray  and  gamma  ray) 

•  Electromagnetic  inspection; 

•  Ultrasonic  inspection;  and 

•  Thermographic  inspection. 

Although  each  method  is  dependent  on  different  "lirst  principles"  in  both  application  and 
output,  repeatable  and  reproducible  NDE  results  depend  on  spcciilc  understanding  and 
control  ol'thc: 


•  Evaluation  materials; 

•  Evaluation  equipment; 

•  Evaluation  procedure; 

•  The  environment  in  which  the  procedure  is  completed; 

•  (Calibration  /  baseline  reference  artilact  and  irrocedure 

•  Applied  aeecptanee  criteria;  and 

•  1 1  uman  factors 

It  is  important  to  note  tliat  “Human  I'actors’'  are  listed  last;  if  materials,  equipment  and 
pu)eess  parameters  are  not  controlled,  the  human  operator  has  little  chance  of  providing  a 
consistent  level  of  discrimination.  Conversely,  knowledgeable  and  skilled  human 
operators  arc  essential  to  the  disci iminaliou.  No  NDE  process  or  procedure  produces 
absolute  discrimination  of  "all  anomalies"  but  the  end  output  of  a  procedure  may  be 
quantified  and  tlic  discrimination  (anomaly  /  flaw  detection)  capability  may  be  measured, 
analyzed,  quantified  and  documented,  fhe  use  ol  the  probability  ol  detection  (POD) 
method  ol  NDE  procedure  characterization  has  resulted  in  new  understanding  of  the  NDF, 
processes  and  factors  that  would  improve  the  process  capability,  reproducibility  and 
repeatability. 
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7.1  NDE  PROCESS  AND  PROCESS  VARIANCE 

T'lie  diverse  nature  of  different  NDE  proeesses  results  in  different  sources  of  variance  and 
resultant  impact  on  detection  output  capabilities.  Eor  example,  a  manually  applied  liquid 
pcnetrjmt  process  is  dominated  by  the  skill  of  the  operator  in  process  application  and 
interpretation.  An  automated  eddy  current  process  is  dominated  by  calibration,  instrument 
and  procedure  variances.  It  is  important  to  recognize  the  source  of  variance  in  each  NDE 
process  and  to  take  the  nature  of  the  variance  and  process  control  into  account  in  applying 
margins  to  the  NDE  processes.  Table  7-1  shows  typical  dominant  sources  of  variance  I'or 
the  following  NDli  proeesses; 

•  Liquid  penetrant  inspection; 

•  Magnetic  particle  inspection; 

•  Radiographic  inspection  (X-ray  and  gamma  ray); 

•  lileetromagnetic  inspection; 

•  Ultrasonic  inspection;  and 

•  Thermographic  inspection. 


Table  7-1  DOMIINANT  S()l/RC:ES  OF  VARIANCE  IN  NDE  PROCEDURE 
APPLICATION 


Materials 

Equipment 

Procedure 

Calibration 

Criteria 

1  luman 
P'actors 

Liquid 

Penetrant 

X 

X 

X 

Magnetic 

Particle 

X 

X 

X 

X 

X-ray 

X 

X 

X 

X 

Manual 

Piddy 

CTirrcnt 

X 

X 

X 

X 

X 

Automatic 

Piddy 

(iurrent 

X 

X 

X 

X 

Manual 

Ultrasonic 

X 

X 

X 

X 

X 

Automatic 

Ultrasonic 

X 

X 

X 

X 

Manual 
Thermo  - 

X 

X 

X 

X 

Automatic 

Thermo 

X 

X 

X 

X 
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NDl  methods  and  procedures  arc  selected  using  a  variety  of  practical  implementation 
criteria.  The  lowest  cost  method  that  produces  the  required  result  is  usually  the  method  of 
choice,  Part  of  the  cost  consideration  must  be  the  cost  of  qualifying  /  validating  the 
capabilities  of  the  method  and  the  co.sl  of  maintaining  such  qualillcalion.  The  data 
included  herein  are  intended  to  be  an  aid  to  method  /  procedure  selection  and 
implementation. 


7.2  LIQUID  PKNETILANT  INSPECTION 

The  liquid  penetrant  NDP  method  is  applied  to  detection  of  anomalies  that  have  a 
capillary  opening  to  the  test  object  surface.  (Jcneral  process  steps  include: 

1 .  Test  object  cleaning  to  remove  both  surface  and  materials  in  the  capillary  opening; 

2.  Application  of  a  irenelranl  lluid  and  allowing  a  "dwell"  time  for  penetration  into  the 
capillary  opening; 

T  Removal  of  surface  penetrant  lluid  without  removing  lluid  from  the  capillary; 

4.  Application  of  a  "developer"  to  draw  penetrant  lluid  from  the  capillary  to  the  test 
object  surface  (the  "develo|ier"  provides  a  visible  contrast  to  tlie  penetraJit  lluid 
material); 

5.  Visually  inspecting  the  lest  object  to  detect,  cla.ssify  and  interpret  the  presence,  type 
and  si/e  (magnitude)  of  the  penetrant  indication.  (NOTE:  Some  automated  detection 
systems  are  in  u.si-  and  must  be  characteri/ed  as  special  NDM  processes). 

fhe  nature  of  this  NDli  metliod  demands  attention  to  material  type,  surface  condition  and 
rigor  of  cleaning.  It  is  olwituis  that  processes  that  modify  surface  condition  must  be 
apiilied  after  penetrant  processing  has  been  completed.  Such  processes  include, 
conversion  coatings,  anodi/.ing,  plating,  painting,  shot  pccning,  etc.  In  like  manner, 
meclianical  processes  that  "smear"  the  surface  and  close  capillary  openings  must  be 
followed  with  "etch"  and  neutrali/ation  steps  before  penetrant  processing.  Although  there 
is  disagreement  on  the  requirement  for  etching  after  machining  jrrocesscs  for  "hard 
materials",  experimental  data  indicate  that  ail  mechanical  removal  processes  re.sult  in  a 
decrease  in  penetrant  detection  capabilities. 

Liquid  penetrant  inspection  can  be  performed  with  little  capital  expenditure;  materials 
used  are  low  in  cost  per  use;  is  api)lieable  to  complex  shapes;  and  is  widely  used  for 
general  product  assurance.  The  capability  of  this  method  is  highly  material,  procedure 
and  operator  skill  /  experience  dependent.  No  permanent  record  of  inspection  is  provided 
by  the  process. 
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COST  OF  INSPECTION 

LOW 

OPERATOR  SKILL  REQUIREMENTS 

HIGH 

PROCESS  CONTROL  REQUIREMENTS 

HIGH 

PROCESS  VARIANCE  /  MARGIN  REQUIREMENTS 

HIGH 

*  NOTE:  In  commercial  practice,  liquid  penetrant  inspection  may  be  denoted  by  the 
"Trade  Name"  of  the  materials  used  in  the  process.  For  example,  "Zyglo"  is  a  trade  name 
for  a  group  of  fluorescent  penetrant  materials  marketed  by  the  "Magnaflux  Corporation" 
and  does  not  adequately  describe  the  process  to  be  applied. 


7.3  MAGNETIC  PARTICLE  INSPECTION 

Magnetic  particle  inspection  is  applied  to  the  detection  of  surface  connected  or  near 
surlace  anomalies  in  test  objects  that  are  made  from  materials  that  sustain  a  magnetic 
Held.  General  process  steps  include: 

1 .  Test  object  cleaning  to  remove  surface  contaminants; 

2.  Inducing  a  magnetic  iicld  in  the  object; 

3.  Applying  a  fluid  or  powder  containing  finely  divided  particle.s  that  are  attracted  by  the 
presence  of  a  discontinuity  in  a  magnetic  field; 

4.  Visually  inspeeting  the  test  object  to  delect,  classify  and  interpret  the  presence,  type 
and  si/c  (magnitude)  of  indication  (accumulation  of  magnetic  particles  along  a 
discontinuity  in  a  magnetic  field). 

Special  equipment  is  required  to  induce  the  required  magnetic  field(s).  Procedure 
development  anti  process  control  arc  required  to  use  the  proper  voltage,  amperage,  mode 
oi’ induction,  etc.  Test  object  materials  must  be  capable  of  sustaining  an  induced  magnetic 
Held  during  the  period  of  inspection.  Concentration  and  mode  of  application  of  the 
magnetic  particles  must  be  controlled.  Material  characteristics  or  surface  treatments 
which  result  in  variable  magnetic  properties  will  decrease  detection  capabilities. 

Magnetic  particle  inspection  can  be  performed  with  little  capital  expenditure;  materials 
used  arc  low  in  cost  per  use;  is  applicable  to  complex  shapes;  and  is  widely  used  for 
general  product  assurance.  1  he  capability  of  this  method  is  highly  material,  test 
equipment,  procedure  and  operator  skill  /  experience  dependent.  Mo  permanent  record  of 
inspection  is  provided  by  the  inspection  process. 
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COST  OF  INSPECTION 

LOW 

COST  OF  EQUIPMENT 

MODERA'I'E 

OPERATOR  SKILL  REQUIREMENTS 

HIGH 

PROCESS  CONTROL  REQUIREMENTS 

HIGH 

PROCESS  VARIANCE  /  MARGIN  REQUIREMENTS 

HIGH 

*  NOTE:  In  commercial  practice,  magnetic  particle  inspection  may  be  denoted  by  the 
"Trade  Name"  of  the  materials  used  in  the  process.  For  example,  "Magnallux"  is  a  trade 
name  for  a  group  of  inspection  equipment  and  materials  marketed  by  the  "Magnallux 
Corporation"  and  does  not  adequately  describe  the  process  to  be  applied, 


7.4  X-RADIOGllAPHIC  INSPECTION 

X-mdiographic  (X-ray)  inspection  is  applied  to  the  detection  ol'  surlace  connected  and 
internal  anomalies  in  test  objects  and  to  a.sse.ss  the  internal  configuration  ol'  test  objects. 
General  process  steps  include: 

1 .  Locating  a  sheet  of  X-ray  sensitive  film  on  one  side  of  the  test  object; 

2.  Locating  an  X-ray  source  (X-ray  tube)  on  the  opposite  side  of  the  test  object; 

3.  Activating  the  X-ray  source  to  "expose  the  film"  in  a  through  transmission  mode; 

4.  Developing  the  film; 

5.  'Visually  inspecting  the  resultant  film  image  to  detect,  classil’y  and  interpret  the 
presence,  type  and  si^e  (magnitude)  ol’ included  indications. 

Special  equipment,  special  exposure  facilities  and  special  sai’ety  precautions  (including 
licenses)  arc  required  to  perform  the  inspection.  Procedure  development  and  process 
control  are  required  to  ascertain  the  proper  voltage,  amperage,  exposure  time,  film  type, 
etc.  Detection  of  crack-like  anomalies  is  highly  dependent  on  the  exposure  geometry  and 
on  the  orientation  ol'the  crack  with  respect  to  the  incident  radiation, 

X-radiographic  inspection  requires  considerable  capital  expenditure;  materials  used  are 
moderate  in  cost  per  use;  is  applicable  to  complex  shapes;  and  is  widely  used  for  general 
product  assurance,  fhe  capability  of  this  method  is  highly  material,  test  equipment, 
procedure  and  operator  skill  /  experience  dependent.  A  permanent  record  of  inspection  is 
provided  in  the  form  of  a  film  image. 


COST  OF  INSPEC  TION 

moderate; 

COST  OF  f:quipmf;n  t 

HICill 

OPERA  TOR  SKILL  REQUlRl'MltN'l'S 

HIGH 

PROCESS  CONTROL  REQUIREMEN  TS 

1 IIGI 1 

PROCF.SS  VARIANCE  /  MARGIN  RFiQUlREiMENTS 

HIGH 
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NOl'li:  X-  radiograpliic  inspcalioii  and  gamma  radiographic  inspection  using  a 
radioactive  source  involve  essentially  the  same  set-up  and  exposure  procedures,  but  differ 
signilieantly  in  inspection  eapabilil j.  Both  methods  require  extensive  procedures  for 
assuring  the  safety  of  human  operators. 


7.5  i:i)l)Y  CDHUHN T  INSl’KC  TION 

Bddy  current  methods  oi'  inspection  arc  applied  to  measure  a  variety  of  material 
characteristics  and  conditions.  They  are  applied  in  the  llaw  detection  mode  lor  the 
detection  of  surface  connected  or  near  suifacc  anomalies  in  test  objects,  l  est  objects  must 
be  electrically  conductive  and  be  capable  of  uniibrm  contact  by  an  eddy  current  probe. 
Cleneral  process  stein  include: 

1 ,  fhe  eddy  current  probe  is  |daced  in  contact  with  the  test  object; 

2,  An  alternating  magnetie  Held  is  induced  in  the  probe  by  an  alternating  current  in  the 
probe  coil; 

.1.  I'.ddy  eunenl  How  is  induced  in  the  test  object; 

4.  The  magnitude  and  phase  of  the  induced  current  flow  is  .sensed  by  a  secondary  coil  in 
the  probe  or  by  change  of  inductance  in  the  probe; 

.'1.  A  locali/ed  change  in  induced  current  flow  indicates  the  pre.sencc  oi'u  discontinuity 
(crack)  in  the  lest  t)bject. 

().  'fhe  si/e  (length)  of  the  crack  is  indicated  by  the  extent  of  the  res]K)nse  change  as  the 
probe  is  .scanned  along  the  test  object. 

Special  eqiiipmeiil  and  speeiali/.ed  probes  are  required  to  perform  the  inspection. 
I’roecdure  des'elo|rmeul,  calibration  arlifaels  and  prt)cess  control  arc  required  to  assure 
reproducibility  of  response  in  the  selected  le.sl  objecl.  The  melhoii  is  a  volume  inspection 
process  and  therefore  loses  re.solulion  near  edges  ami  at  locations  of  non-uniform 
geometry  change, 

Manual  (hand)  scanning,  is  iierformed  using,  instruments  that  have  a  needle  (deflection)  or 
oscilloscope  read-out.  Operator  interpretation  is  made  by  pattern  recognition,  signal 
magnitude  and  resjieetive  hand-scan  position.  Variations  in  instrument  read-out  and 
variations  in  scanning  can  be  significant.  No  permanent  rcer)rd  of  inspection  is  provided 

Auluinaled  scanning  is  performed  using,  an  instrumented  scanner  which  keeps  track  of 
probe  position  and  automated  signal  detection  (phase  and  amiditude)  such  that  a  icsponse 
map  of  the  test  object  surface  can  be  generated.  Kesolution  of  the  inspection  system  is 
somewhat  dependent  on  the  lldelity  of  the  scan  index  and  on  the  filtering  and  signal 
processing  that  arc  a|)plied  in  signal  deleelion.  A  .scan  map  and/or  commented  report  may 
be  generated  by  automated  etldy  current  scanning,  and  instrumentation  systems. 
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MANUAL  (HAND)  SCAN 


COST  OP  INSPECTION 

LOW 

COST  OF  EQUIPMENT 

MODERATE 

OPERATOR  SKILL  REQUIREMENTS 

HIGH 

PROCESS  CONTROL  REQUIREMENTS 

MODERATE 

PROCESS  VARIANCE  /  MARGIN  REQUIREMENTS 

MODERATE 

AUTOMATl'D  SCANNING  AND  INSPECTION 


COST  OF  INSPECT  ION 

MODERATE 

COST'  OF  EQUIPMENT' 

HIGH 

OPERAT  OR  SKILL  REQUIREMENTS 

MODERATE 

PROCESS  CONTROL  REQUIREMENTS 

HIGH 

PROCESS  VARIANCE  /  MARGIN  REQUIREMENTS 

LOW 

*  NOTE:  I  'lddy  current  methods  are  also  known  as  electromagnetic  methods. 


7.(1  ULTRASONIC  INSPECT  ION 

Ultrasonic  methods  of  inspection  arc  applied  to  measure  a  variety  oi’  material 
characteristics  and  conditions,  They  are  applied  in  the  Haw  dcleetion  mode  lor  the 
detection  ol'  surface  and  internal  anomalies  in  test  objects.  Test  objects  must  support 
propagation  of  acoustic  energy  and  have  a  geometric  configuration  that  allows  the 
introduction  and  detection  of  acoustic  energy  in  the  rellcction,  transmission  or  scattered 
energy  configurations.  General  process  steps  include: 

1 .  An  ultrasonic  transducer  is  located  in  contact  or  in  close  proximity  to  the  test  object; 

2.  T'he  transducer  is  energized  in  a  pulsed  mode  to  direct  and  propagate  acoustic  energy 
into  the  te.st  object; 

3.  Acoustic  energy  is  transmitted,  reflected  and  scattered  within  the  icst  object. 

4.  Ihiergy  within  the  test  object  is  transmitted  or  redirected  by  internal  interlaces  (test 
object  geometry  I'eatures  or  internal  anomalies); 

3.  TTansmitled  or  redirected  energy  from  the  lest  object  is  detected  by  a  transducer 
located  on  or  near  llie  lest  object;. 

6.  The  transmitted  or  redirected  energy  is  analyzed  in  the  time  and  /or  frequency 
domains  and  interpretation  ol'the  internal  condition  of  the  test  object  is  made  by  the 
pattern  and  amplitude  I'eatures.. 

Special  equipment  and  specialized  probes  are  required  to  perl'orm  the  inspection. 
Procedure  development,  calibration  artifacts  and  process  control  are  required  to  assure 
reproducibility  of  response  in  the  selected  test  object.  The  method  is  a  surface  and 
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volume  inspection  process  and  procedures  are  varied  to  increase  sensitivity  and  resolution 
of  specific  test  object  features. 

Manual  (hand)  scanning  is  performed  using  instruments  that  have  an  oscilloscope  type 
read-out.  Operator  interpretation  is  made  by  pattern  recognition,  signal  magnitude,  timing 
and  respective  hand-scan  position.  Variations  in  instrument  read-out  and  variations  in 
scanning  can  be  significant.  No  permanent  record  of  inspection  is  provided 

Automated  scanning  is  performed  using  an  instrumented  scanner  which  keeps  track  of 
probe  position  and  automated  signal  detection  (time,  phase  and  amplitude)  such  that  a 
response  map  of  the  internal  structure  of  the  test  object  can  be  generated.  Resolution  of 
the  system  is  somewhat  dependent  on  the  fidelity  of  the  scan  index  and  on  the  filtering 
and  signal  processing  that  are  applied  in  signal  detection.  A  scan  map  and/or  commented 
report  may  be  generated  by  automated  ultrasonic  scanning  and  instrumentation  systems. 


MANUAL  (HAND)  SCAN 


COST  OF  INSPECTION 

LOW 

COSd'  OF  EQUIPMENT 

MODERA'I'E 

OPERATOR  SKILL  REQUIREMENTS 

HIGH 

PROCESS  CON'fROL  REQUIREMEN'fS 

MODERAl’E 

PROCESS  VARIANCE  /  MARGIN  REQUIREMENTS 

MODERATE 

AUTOMATED  SCANNING  AND  INSPECTION 


COST  OF  INSPECT  ION 

MODERATE 

COS'f  OF  EQUIPMENT 

HIGH 

OPERAl’OR  SKILL  REQUIREMENTS 

MODERATE 

PROCESS  CON'fROL  REQUIREMliNTS 

HIGH 

PROCESS  VARIANCE  /  MARGIN  REQUIREMEN'fS 

LOW 

7.7  THERMOGRAPHIC  INSPECTION 

Thermographic  inspection  methods  are  applied  to  measure  a  variety  of  material 
characteristics  and  conditions.  'Fhey  are  generally  applied  in  the  Haw  detection  mode  for 
the  detection  of  interfaces  and/or  variation  of  the  properties  on  interfaces  within  layered 
test  objects.  Test  objects  must  be  thermally  conductive  and  the  test  object  surface  must  be 
reasonably  uniform  in  color  and  texture.  General  process  steps  include: 

1 .  A  pulse  of  thermal  energy  is  introduced  into  the  test  object; 

2.  Energy  is  diffused  within  the  lest  object  according  to  the  thermal  conductivity,  the 
thermal  mass,  inherent  temperature  differentials  and  the  lime  of  observation  / 
measurement; 
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3.  The  thennal  state  (temperature)  of  the  test  object  surfaec  is  monitored  by  a 
thermographic  (scanner)  camera  with  capability  for  detection  in  the  infrared  energy 
spectmm; 

4.  Interpretation  is  completed  by  visually  monitoring  the  relative  surface  temperature  as 
a  function  of  time  and  relating  temperature  differences  in  the  time  domain  to  the 
internal  condition  and/or  structure  of  the  test  object; 

5.  A  relative  change  in  surface  temperature  (at  a  predetermined  time)  is  indicative  of  a 
change  in  continuity  or  connectivity  (unbond)  in  a  bonded  structure; 

6.  The  size  (area  map)  of  an  unbond  is  indicated  by  the  location  of  the  temperature 
gradient  on  the  surface  at  a  specific  time  and  is  modified  by  comparison  with 
responses  from  similar  test  objects  with  similar  geometries  and  thermal  mass. 

Special  equipment  is  required  lor  both  introducing  the  thermal  pulse  and  for  monitoring 
the  thermal  condition  of  the  surface  as  a  function  of  time.  Procedure  uevelopmcnt, 
calibration  artilacts  and  process  control  are  required  to  assure  reproducibility  of  response 
in  the  selected  test  object.  'I'hc  method  is  a  volume  inspection  process  and  therel'ore  loses 
resolution  near  edges  and  at  locations  of  non-uniform  geometry  change. 

Manual  inspection  is  performed  using  manual  control  of  the  thermal  pulse  process  and 
human  observation  and  interpretation  of  the  thermal  images  produced  as  a  function  of 
time.  A  I'alsc  color,  thermal  map  presentation  may  be  used  to  aid  in  discrimination  oi‘  fine 
image  features  and  to  aid  in  pattern  recognition.  The  thermal  map  may  be  recorded  on 
video  tape  as  a  fimetion  of  time.  No  perinancnt  record  oi' image  interpretation  is  provided 

Automated  scanning  is  performed  using  an  instrumented  scanner  which  roprodueibly 
introduces  a  pulse  ol'  thermal  energy  into  the  test  t)bject  and  synchronizes  pulse 
introduction  with  the  "start  lime"  for  use  in  automated  image  read-out.  Automated  read¬ 
out  is  effected  via  pre-programmed  digital  image  processing  and  is  test  object  and 
inspection  procedure  sirecille. 


r  iANlJAl.  (HAND)  SC'AN 


('OSTOh  INSl’hCT  ION 

LOW 

COS'f  Oh  TQUll’MHNT 

HIGH 

OI’TRA'l'OR  SKILL  RLQUIRLMLNTS 

HIGH 

FROCLSS  CONTROL  RLQUIRLMLNTS 

HIGH 

PROCLSS  VARIANCL/  MARCilN  RLQUIRLMLNTS 

MODLRATL 

AUTOMATTD  SCANNlNCi  AND  INSPT.CTION 


COSTOL  INSLLCTION 

LOW 

COS  T  OF  LQUIPMLNT 

HIGH 

OPTRA  rOR  SKILL  RLQUIRLMLN'fS 

MODL.RATL 

PROCLSS  CONTROL  RLQUIRLMLNTS 

HIGH 

PROCLSS  VARIANCL  /  MARGIN  RliQUIRLMLN  PS 

LOW 
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7,8  NDE  PROCESS  OUTPUT 

When  an  NDE  process  is  applied  to  a  test  object,  the  output  response  to  an  anomaly 
within  the  test  object  will  depend  on  the  form  of  detection  (pattern  recognition),  the 
magnitude  of  the  feature  that  is  used  in  detection,  and  the  relative  response  magnitude  of 
the  material  suiTounding  the  anomaly.  For  example,  in  an  ultrasonic  inspection  procedure, 
the  amplitude  of  the  response  from  an  anomaly  within  a  structure  may  be  used  to 
discriminate  the  response  from  the  grain  structure  (noise)  surrounding  the  anomaly  as 
shown  in  Figure?- 1.  If  the  ultrasonic  procedure  (measurement)  is  applied  repetitively  to 
the  same  anomaly,  a  distribution  of  responses  to  both  the  anomaly  and  the  surrounding 
material  (grain  structure)  will  be  obtained  as  shown  schematically  in  Figure  7-2.  The 
measured  response  distribution  reflects  the  variance  in  the  NDE  measurement  process  and 
is  typical  of  that  obtained  for  any  measurement  process.  The  response  from  the 
surrounding  material  constitutes  the  baseline  level  for  use  in  discrimination  of  responses 
from  internal  anomalies.  The  baseline  response  may  be  termed  "noise"  (far  different  from 
electronic  noise  that  is  applied  to  the  measurement  instruments)  and  both  the 
discrimination  capability  (anomaly  detection)  and  anomaly  sizing  (quantification) 
capabilities  for  the  NDE  procedure  are  dependent  on  the  relative  amplitudes  and  the  rate 
of  change  of  the  anomaly  response  with  increasing  anomaly  size  (slope).  For  purpose  of 
discussion,  the  signal  (plus  noise)  response  will  be  referred  to  as  the  signal  and  the 
baseline  response  from  the  surrounding  material  will  be  referred  to  as  noise. 


POSITION 


FIGURE  7-1  SIGNAL,  RESPONSES  FOR  A  SINGLE  ANOMALY 
MEASUREMENT 
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FKJlJRi:  7  -2  SKJNAL  (PLUS  NOISE)  AND  NOISE  RESPONSE 
DISTRIBUTIONS 


Tlic  considerable  Haw  to  tlaw  variance  and  variance  in  signal  response  to  flaws  oi'  equal 
size  causes  increased  spread  in  the  probability  density  distribution  of  the  signal  (plus 
noise)  response,  11'  a  threshold  decision  (amplitude)  level  is  applied  to  the  responses 
shown  in  Figure  7-2,  clear  flaw  di.scrimination  (detection)  can  be  achieved  as  shown  in 
Figure  1-^.  IF  the  same  threshold  decision  level  (acceptance  criteria)  is  applied  to  a  set  oF 
flaws  oF  a  smaller  size  (as  shown  in  F'igure  7-4),  clear  discrimination  cannot  be 
accomplished. 
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l<I(;URl,7-4 


1' AILUKE  rO  UETI-XT  SMAEI.I^K  Fl-AWS 
TIlUESHOEl)  SICNAL  LEVEL 


AT  I’iSE  SAMIC 
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In  the  example  shown,  tlie  threshold  decision  level  could  be  adjusted  to  a  lower  signal 
magnitude  to  produce  detection.  As  the  signal  magnitude  is  adjusted  downward  to 
achieve  detection,  a  slight  increase  in  the  noise  level  will  result  in  a  false  call.  As  the  Haw 
size  decreases,  the  noise  and  signal  (plus  noise)  responses  will  overlap.  In  such  cases,  a 
downward  adjustment  in  the  threshold  decision  level  (tt)  detect  all  Haws)  will  result  in  an 
increase  in  false  calls.  Figure  7-5  .shows  an  example  where  the  threshold  decision  level 
(acceptance  criteria)  has  been  adju.stcd  to  a  level  where  a  significant  number  of  false  calls 
will  occur.  In  this  example,  a  slight  change  in  Haw  signal  distribution  will  also  result  in 
failure  to  detect  a  Haw.  The  NDK  procedure  is  not  robust  and  is  not  subject  to 
qualification  or  certification  for  purpo.ses  ol'  primary  discrimination.  I’he  procedure  may, 
however,  be  useful  as  a  pre.screening  tool,  if  it  is  followed  by  another  procedure  that 
provides  discrimination  of  the  residuals;  for  example,  a  neural  network  detection  process 
may  be  structured  to  provide  discrimination  at  a  high  false  call  rate,  but  may  be  a  useful 
in-line  tool  il’  other  features  arc  used  for  purpo.ses  of  discrimination  after  the  anomaly  or 
variance  is  identified.. 


(AMPLITUDE) 

MCURE  7-5  THRESHOLD  DECISION  LEVEL  RESULTS  IN  FALSE  CALLS 
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7.9  ACCEPT  /  RE.IECT  DECISIONS  FROM  NDE  PROCESSES 

It  is  clear  that  Accept  /Reject  decisions  resulting  from  the  application  of  an  NDE 
procedure  may  result  in  both  detection  failures  (MISSES)  and  false  position  detection 
(FALSE  CALLS)  when  the  NDE  procedure  is  operated  near  the  limit  of  discrimination 
as  shown  in  Figure  7-5.  Theory  and  analysis  methodologies  were  developed  during 
World  War  11  to  predict  the  perfornianee  of  radar  operators  in  aircraft  detection.  The 
NDE  discrimination  /  detection  task  is  similar  in  nature  and  the  same  principles  may  be 
applied.  From  decision  theory,  if  we  assume  a  background  signal  response  distribution 
(noise),  a  signal  (plus  noise)  distribution,  and  a  threshold  decision  level  (acceptance 
criteria)  as  shown  in  I'igure  7-6,  it  is  eleiu  that  the  output  will  be  a  combination  of 
ACCEPT,  REJICCT,  MISSES,  AND  FALSE  CALLS 


FIGURE  7-6  DECISIONS  FROM  SIGNAL  RESPONSES  AT  LOW 
DISCRIMINATION  LEVELS 

The  result  of  decisions  from  signal  response.s  at  low  discrimination  levels  may  be 
analyzed  as  a  problem  in  conditional  probability.  Figure  7-7  is  a  convenient  aid  in 
visualizing  a  problem  in  conditional  probability  (as  contrasted  to  joint  probability  - 
BLACK  /  Wl  IITF:). 
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POS  A 

NDE  SIGNAL 
(Flaw  Response) 

NEG  N 


STIMULI 
(Flaw  Presence) 

POS  a  NEG  n 


M(Aa) 

True  Positive  (T.P) 
(Flaw/Flaw) 

P(A,a)  .  ■  ^ 

(NO  ERROR) 

M(An) 

Palse  Positive  (F.P.) 

(Flaw  /  No  Flaw) 

P(A,n) 

(  TYPE  II  ERROR) 

M(Na) 

False  Negative  (P.N.) 

(No  ITaw  /  Maw) 

P(N,a) 

(TYPE  I  ERROR) 

' '  '  True  Negative 
■  (No'Flaw  /  No  Flaw) (/f 

FIGURE  7-7  CONDI!  lONAL  PROBABILITY  IN  FLAW  DETECTION 


The  outcome  ol’thc  NDL  procedure  and  decision  may  be: 


1  RUE  POvSn  IVE  (T.P.), 

where  M(Aa)  is  the  total  number  ol  T.l’.  calls; 
and  P(A,a)  or  P(T.l*.)  is  the  probability  ot  r.P.  calls. 

(I'law  I'oiind  when  a  Maw  is  Present) 

(NO  ERROR  CONOrnON-REJIiCr  DECISION)  -  CORRECI'  REJECT 

FALSE  POSITIVE  (F.P.), 

where  M(An)  is  the  total  number  of  I'.P.  calls; 
and  P(A,n)  or  P(I'.P.)  is  the  probability  ofr.P.  calls. 

(flaw  Pound  wlicn  no  Maw  is  Present) 

(  TYPE  II  ERROR  CONDITION  -  RIUECT  DECISION)  -  FALSE  CALL 


FALSE  NE( NATIVE  (F.N.), 

where  M(Na)  is  the  total  number  of  P.N.  calls; 
and  P(N,a)  or  P(P.N.)  is  the  probability  of  P.N.  calls. 

(  No  P'law  Pound  when  a  f  law  is  Present) 

(  PYPi-  1  ERROR  CONDITION  -  ACCEID'  DECISION) 


TRUE  NiXJATIVE  (T.N.), 

where  IVI(Nn)  is  the  total  number  of  P.N.  calls; 
and  P(N,n)  or  P(  r.N.)  is  the  probability  of  'f.N.  culls. 

(No  f  law  Pound  when  no  f  law  is  ITe.sent) 

(NO  ERROR  CCtNDl  riON  -  ACCEP'f  DECISION)  -  CORRECT  ACCEPT 


Interdependence  of  the  matrix  tpiantities  is  denoted  by: 
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T.P.  +  F.N.  =  Total  opportunities  for  positive  calls. 

F.P.  +  T.N.  =  'I'otal  opportunities  for  negative  calls. 

Therefore,  only  two  independent  probabilities  need  be  considered  in  alternate  inspection  / 
decision  tasks. 

THE  SPECIFICITY  of  an  NDE  procedure  or  the 

PROBABILITY  OF  DETECTION  (POD)  olTlaws  may  be  expressed  as: 

POD  = _ UL _  or  _ Total  Number  of  Positive  Calls  (REJECTS) 

T.P.  +  F.N.  Total  Number  of  Opportunities  for  Rejection 

In  like  manner,  the  NONSPECIFITY  ol'an  NDE  procedure  i^r  the 
PROBABILITY  OF  FALSE  ALARMS  (FALSE  CALLS)  may  be  cxprcssetl  as: 

POFA  =■- _ liJL _  or  Total  Number  of  False  Positive  (FALSE  CALLSI 

T.N.  +  F.P.  Total  Number  of  Opportunities  for  Aceeptance 

Application  of  the  inclhod  requires  the  use  of  Hawed  test  objects  and  assumes  that  all 
Haws  are  of  equal  size  and  tliat  the  variance  in  Haw  respon.se  distribution  is  due  solely  to 
the  mcasurcnicnl  process.  Conlldence  limits  for  the  respective  probabilities  may  be 
calculated  from  the  data  sample  size  used  in  the  test  ease. 

In  practical  applications,  the  NDE  process  characteristic  that  is  ol' primary  interest  is  the 
probability  of  detection  (POD).  The  acceptability  ol'  a  I'alse  call  rate  (POE A)  will  be 
dependent  on  the  consequence  ol'  a  false  call  for  a  specilic  application.  If  false  calls 
require  sigidficant  efforts  for  resolution,  a  low  level  offal.se  calls  will  be  required.  If  an 
economical  and  efficient  secondary  method  is  used  to  resolve  false  calls,  acceptance  may 
become  part  of  end  to  end  production  process  requirements. 
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7.T0  FI  AW  RESPONSE  VARIANCE  IN  NDE  PROCEDURE  APPLICATIONS 

All  Haws  ol' equal  size  do  not  respond  equally  when  an  NDli  procedure  is  applied,  d'hc 
physical  nature  of  Haw  initiation  and  growth  vary  considerably  with  the  origin  of  the  Haw 
(initiation  source),  with  the  material  type  involved,  with  the  load  history  (ilaw  growth 
spectrum)  on  the  test  object,  with  the  environment  (corrosion)  and  with  the  load  levels 
immediately  prior  to  inspection  (NDF,  procedure  application).  C’rack  opening  and  crack 
closure  el'fects  have  been  studied  extensively  in  materials  iatigue  and  fracture  properties 
measurements,  Chuck  closure  has  a  dominant  effect  on  crack  detectability  by  X-ray, 
liquid  penetrant  and  by  ultrasonic  inspection  methods.  C'rack  closure  has  lesser  effects  on 
magnetic  and  eddy  current  methods. 

In  production  applications  ol'NDli  procedure:;,  it  is  necessary  to  consider  the  ilaw  to  ilaw 
variance  and  the  prior  load  hi.story  on  the  test  object.  Flaw  closure  efi'ects  on  NDli 
processes  are  not  linear  and  vary  with  Ilaw  size.  Most  probability  of  detection  (NDF) 
demonstration  studies  are  therei'ore  conducted  with  anomalies  (cracks)  that  are  thought  to 
be  lepresentative  ol'a  "worst  ca.se"  condition  I'or  Ilaw  detection  and  therefore  provide  a 
(unquantillcd)  margin  for  detection  of  Haws  in  the  target  pojmlation.  Flaw  to  Ilaw 
variance  in  the  qualification  test  ohjecls  is  inherent  in  the  variance  in  NDF  procedure 
output  and  therefore  is  inherent  in  the  resultant  probability  ol'  detection  data  and  curves. 
Documental  ion  ol'  the  initiation,  growth  and  loail  hi.story  of  Ihiws  u.sed  in  POD 
demonstrations  is  a  necessary  requiremeni  in  reporting  and  for  general  u.se  of  the  POD 
data. 

7.1 1  NDE  MARtilNS  IN  PROCESS  CONTROL  AND  USE  OF  NDE 
DECISIONS 

I  hc  final  result  of  application  of  an  NDE  proce.s.s  is  widely  held  to  be  an  absolute  (black 
or  white)  decision.  The  pereeplioii  that  "it  has  no  Haws  becau.se  it  pas.sed  X- lay"  is 
iiiaccurale  as  is  evident  by  the  disciussion  of  signal  (data)  /  decisiim  outputs  in  prior 
sections.  All  measurements  are  subject  to  variance  in  the  measurement  process  and  the 
decisions  made  on  the  basis  ol'a  iiieasurement  are  subject  to  variance  that  is  rellected  by 
the  fidelity  ;ind  precision  of  the  measurement.  In  mo.st  ea.ses,  sufficient  margin  is 
provided  to  make  no  diflcrcnce  in  the  decision  process.  An  example  might  be  the  road 
mileage  from  Denver  to  San  Antonio  which  is  listed  and  rounded  off  to  the  nearest  mile, 
flic  precision  of  such  reported  measurenient  is  of  little  concern  if  the  decision  to  be  made 
is  the  number  of  travel  days  to  allow.  A  wide  margin  in  use  of  this  measurement  is 
inherent  to  the  decision  process.  The  precision  of  the  reported  measiuement  would, 
however,  be  of  concern  if  the  decision  to  be  made  is  for  purpose  of  survey  or  land 
ownership,  'fhe  narrowest  margin  possible  is  desired  in  the  case  of  the  survey  decision, 
fhe  margin  limit  is  in  turn  dependent  on  the  variances  and  hence  the  precision 
uncertainties  inlierem  n  the  measurement  process.  In  like  manner,  inherent  variances  in 
the  NDE  method  oi  NDE  procedure  must  be  taken  into  account  in  both  the  decision 
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processes  and  in  the  use  of  the  resultant  decision  information  (data).  Risks  in  accepting  a 
miinual  liquid  penetrant  inspection  for  detection  of  a  small  critical  flaw  are  greater  than 
the  risks  in  accepting  an  automated  eddy  current  procedure  for  the  same  task.  The  risks 
assumed  arc  inherent  to  the  variances  in  NDE  procedure  output  (measurement  precision) 
and  the  threshold  decision  level  (acceptance  criteria)  applied. 

Margins  in  use  of  NDE  data  are  commonly  used  in  life  cycle  management  of  engineering 
systems.  For  example,  in  life-cycle  analysis  in  aircraft  maintenance,  it  is  common 
practice  to  provide  tor  two  or  more  NDE  inspection  opportunities  for  detection  of 
"critical  cracks".  This  docs  not  reduce  the  requirement  for  rigor  in  demonstrating  NDE 
capabilities  for  detection  at  the  "critical  crack  length".  As  engineering  teclinology 
advances,  requirements  ibr  predicting  and  measuring  NDE  procedure  variances  are 
anticipated  to  be  included  in  requirements  for  demonstrating  NDE  capabilities.  The  added 
requirements  do  not  reduce  the  general  applicability  of  NDE  procedures  or  change  the 
requirements  for  general  applications  where  the  result  ol’  imprecision  in  the  NDE 
procedure  is  of  little  consequence  in  meeting  the  design,  process  control,  or  life-cycle 
management  objectives.  Application  of  a  margin  for  NDE  acceptance  is  an  clement  of  the 
robustness  of  the  design,  the  reliability  ol'the  design  and  the  confidence  level  associated 
with  the  design  reliability. 

7.12  LESSONS  LEARNED  IN  APPLICATION  OF  POD  METHODS 

Lessons  learned  by  application  of  POD  methods  to  NDE  procedure  characterization 
include  the  following: 

•  NDE  capabilities  are  rarely  at  the  level.':  a.ssumed  by  detciministic  process 
management; 

•  Human  factors  in  NDE  are  .mportant,  but  are  mo.st  oi'ten  not  the  weak  link  in  NDE 
procedure  application; 

•  NDE  capabilities  are  rarely  at  the  level  assumed  by  use  of  a  “calibration”  artifact  of  a 
fixed  size  (Note:  Calibration  artifacts  (“.standards”)  arc  extremely  important  in 
establishing  a  baseline  set-point  and  a  linearity  response  cheek  for  instrumented  NDE 
methods): 

•  Calibration  artil'acts  are  a  primary  source  of  variance  in  the  reproducibility  and 
repeatability  of  NDli  procedures  that  are  conducted  at  different  locations; 

•  “Standard”  NDE  procedures  should  be  periodically  assessed  to  assure  that  the 
procedure  is  [iroducing  the  desired  result  (Note:  The  29/29  point  estimate  test  is  a 
rapid  method  of  providing  assurance  ol'  basic  and  continuing  NDE  procedure 
performance); 

•  Not  all  NDE  procedures  require  characterization  /  quantification.  The  use  of  the 
procedure  may  reduce  the  need  for  characterization.  (Note:  The  cost  of  controlled 
process  application  is  the  same  as  that  of  process  application  ceremonies);  and 

•  The  POD  mctlii’d  is  integral  to  meeting  critical  DAMAGE  TOLIiRANCE 
RliQUlKEMl'.N'lS. 
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7.13  SUMMARY 

Nondestructive  evaluation  (NDE)  processes  have  evolved  as  essential  tools  in  the 
production,  acceptance,  life-cycle  operations  and  maintenance  of  modem  engineering 
materials,  components,  structures  and  systems.  In  many  applications,  a  traditional  "best 
effort"  or  workmanship  confidence  in  NDE  procedure  application  is  adequate  to  provide 
the  required  level  of  discrimination  and  confidence  in  "fitness  for  purpose"  of  the  test 
object.  As  demands  for  NDE  procedures  have  increased,  new  methods  and  increased 
precision  in  application  have  been  realized,  and  reliance  on  NDli  procedure  application 
has  increased  to  produce  increasing  efficiencies  in  engineering  designs  and  to  add 
confidence  in  continuing  fitness  for  purpose  oi'  aging  system.  While  the  basic  principles 
of  NDE  processes  are  simple  in  concept  as  dc.scribed  in  previous  sections  of  this  chapter, 
precision  and  confidence  level  in  application  require  in-depth  understanding  and  control 
of  NDE  process  parameters.  Quantification  of  NDE  iiroccdurc  capabilities  is  a  complex 
process  and  a  measure  of  the  maturity  of  NDE  technology,  lixeellence  in  NDE  procedure 
development,  qualification,  application  and  management  are  essential  to  capable  imd 
reliable  NDE  process  application.  This  data  book  is  dedicated  to  the  goal  ol’ “Excellence 
in  NDE  engineering  and  NDE  process  application”. 
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8.  DATA  BOOK  PRESENTATION 

8.0  FOKIVlAl  OF  THE  APPENDIC  ES 

Reference  POD  data  are  nrgani/.ed  and  presenled  by  NDIi  method  in  Appendices  (A-F)  of 
this  data  book.  A  documentation  page  precedes  each  data-set  and  provides  a  condensed 
description  of  tlie  test  object,  test  artilaets.  NDli  procedure,  critical  cliaraclerislics  and 
parameters,  and  results  summary.  The  1*01)  curves  for  varying  lest  object,  lest  artifact  and 
data  collection  conditions  Ibllow  the  documentation  page.  Pacli  POD  curve  is  idcntiiied 
with  the  documentation  page  and  the  original  rclerence  .source  for  data  reporting  in  the 
footer.  For  example.  MT  -  02  (4),  relates  llie  POD  curve  to  the  documentation  page  with 
the  same  title  and  identil'ies  the  source  ol'the  data  as  Appeiuliees,  Reference  4. 

POD  data  ai'c  presented  as  a  function  of  crack  length,  crack  depth,  and  crack  dcplh-to- 
thickness  ratio  for  selected  data  .sets.  For  purposes  of  consistency,  the  same  crack  size 
range  and  POD  analysis  model  (l.og-logistie)  have  been  used  i'or  all  plots.  I'or  simplicity 
in  presentation  and  comparison,  the  lower  bound  ‘).5%  confidence  curve  is  not  shown. 
Deletion  of  the  lower  95%  conlidence  bound  in  the  POD  plot.s  is  intended  to  emphasize 
the  need  for  the  user  to  independently  validate  NDF  procedures  that  are  used  in  critical 
designs. 

All  POD  plots  in  llic.se  initial  data  .sets  are  based  on  “hit  /  miss"  data.  I'hc  fidelity  ol'NDli 
procedure  documentation  and  details  of  the  "design  of  experiment"  vaiy  with  the  data 
source  and  are  presented  with  the  information  provided  in  the  original  reference.  A 
parameter  is  listed  as  "not  documented"  or  "N.A.  -  not  applicable"  when  such 
information  is  not  found  in  the  original  rclerence 
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INTRODUCTION  TO  THE  APPENDICES 


The  information  contained  herein  is  in  the  same  configuration  as  the  original  1st  edition, 
published  in  1996,  and  2nd  edition  published  in  1997,  with  pages  added  to  provide 
upgrade  to  the  third  edition.  A  master  index  to  the  Appendices  is  provided  which 
includes  both  the  original  1st  edition  data  as  well  as  the  added  2nd  edition  and  3rd  edition 
data.  The  indexing  nomenclature  was  changed  for  the  2nd  edition  data  to  provide  files 
names  for  the  electronic  version  of  The  Data  Book  which  is  available  on  CD-ROM. 
Therefore,  in  the  Index  to  the  Appendices,  the  1st  edition  data  are  referenced  by  both  the 
original  identification  (ID)  numbers  as  well  as  the  eleetronic  file  names,  whereas  the  2nd 
and  3rd  edition  data  are  referenced  only  by  the  electronic  file  names. 

The  CD  version  of  the  Data  Book  is  in  Microsoft  Windows  95/Word  6.0/Exccl,  7.0 
formats.  Individual  Appendix  data  files  are  formatted  ;md  stored  in  Microsoft  Excel  7.0. 
The  master  Index  to  the  Appendices  is  organized  and  fonnatted  in  both  Microsoft  Word 
6.0  and  Microsoft  Excel  7.0.  The  search  feature  of  Word  6.0  can  be  used  for  reference 
while  in  the  Microsoft  Word  6.0  application,  while  the  Excel  index  can  be  used  for  quick 
reference  while  using  the  Excel  7.0  application  in  the  data  or  graphical  Hies  modes. 

Users  are  cautioned  that  the  information  and  data  presented  is  speciilc  to  the  original 
application  and  is  provided  for  purposes  of  reference  only.  Data  are  intended  to  provide  a 
reference  source  of  what  can  be  accomplished  by  a  specific  NDE  procedure  and  may  thus 
be  used  as  an  NDE  engineering  reference,  d’he  user  is  responsible  for  demonstration  of 
capabilities  of  a  specific  procedure  in  each  critical  NDl:  application  and  lor  Irimsfcrabilily 
of  data  to  a  specific  application. 
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(Provided  in  “Microsoft  Word  6.0”® 
for 

the  CD  Version) 


APPENDIX  A: 


EDDY  CURRENT 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

A-ETl 

A]000(1L 

ET-01(1)L 

Eddy  current  hand  scan  of 
Aluminum  flat  panels  by 
crack  length 

AlOOlAL 

LTAAAOIL-A 

As  Machined 

Operator  A 

AlOOlBL 

ETAAAOIL-B 

As  Machined 

Operator  B 

A 1001  CL 

LTAAAOIL-C 

As  Machined 

Operator  C 

A1002AL 

ETAAA02L-A 

After  Etch 

Operator  A 

A1002BL 

ETAAA02L-B 

After  Etch 

Operator  B 

A1002CL 

ETAAA02L-C 

After  Etch 

Operator  C 

A1003AL 

ETAAA03L-A 

After  Proof 

Operator  A 

A1003BL 

ETAAA03l,-B 

After  Proof 

Operator  B 

A1003CL 

ETAAA031  -C 

After  Proof 

Operator  C 

A  ET2 

A2000(IL 

ET-0:(1)L 

Eddy  current  hand  scan  of 
Aluminum  flat  panels  by 
crack  length 

A2002AL 

ETAAB02L-A 

After  Etch 

Operator  A 

A2002RL 

ETAAB02L-B 

After  Etch 

Operator  B 

A2002CI. 

E'rAAB02L-C 

■After  Etch 

Operator  C 

A-ET3 

.  . 

A3000(2L 

ET-03(2)AL 

Eddy  current  hand  scan  of 
Titanium  flat  panels  by 
crack  length 

A3001AL 

EIAAOIL-A 

As  Machined 

Operator  A 

A3001BL 

ETAA0il,43 

As  Machined 

Operator  B 

A3001CL 

ETAAOIL-C 

As  Machined 

Operator  0 

A3003AL 

I':TAA03L-A 

Alter  Proof 

( tperator  A 

A3  003  BE 

l'TAA031  -B 

After  Proof 

Operator  B 

A3003CL 

LTAA03L-C 

AP'T  Proof 

Operator  C 

A-.ET4 

A4000(4L 

Er-04(4) 

Eddy  current  inspection  of 
Sixth  stage,  ,185  compressor 
disks  by  crack  length 

A4001 1 

ETC^AAOll.-l 

Bolt  1  lolcs 

Laboiatory  1 

,-.‘10013 

ETCAAOIL-Ill 

Boll  Holes 

Laboratory  Ill 

A  DO  14 

ETCAAOIL-IV 

Bolt  1  lolcs 

Laboratory  IV 

A4()0 1 5 

ETCAAOIL-V 

Bolt  Holes 

I  .aboratory  V 

A40()16 

I'lX'AAOll.-Vl 

Bolt  I  lolcs 

Laboratory  VI 

;  1  'V7 
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APPENDIX  A: 


EDDY  CURRENT 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

— 

A-ET5 

A5000(4L 

ET-05(4) 

Eddy  current  inspection  of 
Fourth  stage,  .185  spacers  by 
crack  length 

A50011 

ETCABOlL-1 

Bolt  Holes 

Laboratory  1 

A50013 

ETCABOIL-III 

Bolt  Holes 

Laboratory  111 

A50014 

ETCABOIL-IV 

Bolt  Holes 

Laboratory  IV 

A50015 

ETCABOIL-V 

Bolt  Holes 

Laboratory  V 

A50016 

ETCABOIL-VI 

Bolt  Holes 

Laboratory  VI 

A-ET6 

A6000(5A 

Er-06(5)A 

Eddy  current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A6001A 

ETAAIlFA-1 

Unpainted,  Template  200kHz 

Facility  A,  Operator  1 

A6001AR 

ETAAHFA-IR 

IJnpainted,  'I’eniplate  200kHz 

Facility  A,  Operator  1 

Repeat 

A6002A 

i;taami-a-2 

Unpainted,  Template  200kl  !z 

Facility  A,  Operator  2 

A6003A 

ETAAIll''A-3 

Unpainted.  Template  200kHz 

F’acility  A.  Operator  3 

A6004A 

E'rAAHFA-4 

Unpainted.  Template  200kHz 

Facility  A,  Operator  4 

A6000(5B 

ET-06(5)B 

Eddy  current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A6001B 

I'TAAlIFB-l 

Painted,  Sliding  Probe,  30kHz 

Facility  B,  Operator  1 

A6002B 

ETAAl!FB-2 

Painted,  Sliding  Probe,  30kHz 

Facility  B,  Operator  2 

A6003B 

}':TAAHFB-3 

Painted,  Sliding  Probe,  30kHz 

Facility  B,  Operator  3 

A6004B 

in'AAllFB-4 

Painted,  Sliding  Probe.  30kHz 

Facility  B,  Operator  4 

A6004BR 

EFAAl  I1-B-4R 

Painted,  Sliding  I’robe,  30kHz 

F’acility  B,  Operator  4 

Repeal 

A60«0(5C 

E'I-06(5)C 

Eddy  current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A60()1C 

F:iAAlli''C-l 

Unpainted,  Sliding  Probe, 
38kHz 

F’acility  C,  Operator  1 

1 1  '1)7 
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EDDY  CURRENT 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

A6002C 

ETAAHl'C-2 

Unpainted,  Sliding  Probe, 
38kHz 

Facility  C,  Operator  2 

A6003C 

ETAAIlFC-3 

Unpaintcd,  Sliding  Probe, 
38kHz 

Facility  C,  Operator  3 

A6004C 

HI'AAHFC-4 

Unpainted,  Sliding  Probe, 
38kHz 

Facility  C,  Operator  4 

A6004CR 

ETAAIIFC-4R 

Unpainted,  Sliding  Probe, 
38kHz 

Facility  C,  Operator  4 

Repeat 

A6000(5D 

ET-06(5)I) 

Eddy  current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A6001D 

ETAAIlFD-1 

Unpaintcd,  Template  200kHz 

Facility  D,  Operator  1 

A6002D 

ETAAIlFD-2 

Unpaintcd,  Template  200kHz 

Facility  D,  Operator  2 

A6002DR 

ETAAlil'n-2R 

Unpaintcd,  I’emplatc  200kHz 

Facility  D,  Operator  2 

Repeat 

A(3003D 

[•:taafifd-3 

Unpaintcd,  Template  200kHz 

facility  D,  Operator  3 

A6004D 

l'TAAMl’D-4 

Unpaintcd,  Template  200kHz 

Facility  D,  Operator  4 

A60()0(5E 

ET-06(5)E 

Eddy  current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A6001L 

F^TAAIlFE-l 

Painted,  Template,  lOOkliz 

Facility  li.  Operator  1 

A6()02E 

ETAAIIFE-2 

Painted,  Template,  lOOkllz 

Facility  IE  Operator  2 

A60(J2ER 

E1AA11FE-2R 

Painted,  Template,  lOOkl  lz 

Facility  E,  Operator  2 

Repeat 

A60031' 

i;faahf1':-3 

Painted,  'Femplate,  1  OOkl  Iz 

Facility  E,  Operator  3 

A6()04r'; 

ErAAlIFE-4 

Painted,  Template,  lOOkllz 

Facility  E.  Operator  4 

A6000(5F 

ET-06(5)F 

Eddy  current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A60011-' 

i-:taaiiff-i 

Unpaintcd,  Sliding  Probe, 
26kHz,  lVllZ-20 

Facility  F,  Operator  1 

A6()021' 

lyiAAlllT-i 

Unpaintcd,  Sliding  Probe, 
26kHz,  MlZ-20 

l-’acility  F,  Operator  2 

A60031-’ 

f;iaahi-'i--3 

Unpaintcd,  Sliding  Probe, 

26k  I  Iz,  M1/.-20 

I'aeility  F,  Operator  3 

A6()041'' 

|•:■]'AAIllT■-4 

Unpaintcd,  Sliding  Probe. 
26kHz,  M1/-20 

I'acility  F,  Operator  4 

I 


APPENDIX  A: 


EDDY  CURRENT 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

A6004FR 

HTAAHFF-4R 

Unpainted,  Sliding  Probe, 
26kHz,  MIZ-20 

Facility  F,  Operator  4 
Repeat 

A6000(5C 

ET-06(5)G 

Eddy  Current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

06001 G 

ETAAHI'0-1 

Painted,  Template  200kH/. 

Facility  0,  Operator  1 

06001  OR 

ETAAIIFC  IR 

Painted,  template  200kHz 

Facility  G,  Operator  1 
Repeat 

060020 

ETAAIIFG-2 

Painted,  I’emplate  200kHz 

Facility  G,  Operator  2 

060030 

ETAAiIFG-3 

Painted,  Template  200kHz 

Facility  G.  Operator  3 

060040 

ETAAlIFG-4 

Painted,  Femplate  200kHz 

Facility  O,  Operator  4 

A6000(5H 

ET-06(5)H 

Eddy  Current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A6001U 

ETAAlIFH-1 

Painted,  Sliding  Probe,  24kHz 

b'acility  !  I,  Operator  1 

A60021 1 

ETAAlIl'Il-2 

Painted,  Sliding  Probe,  24kHz 

Facility  1 1,  Operator  2 

A60021 IR 

ETAA11FH-2R 

Painted,  Sliding  Probe,  24kHz 

Facility  11,  Operator  2, 
Repeat 

A6003I'l 

ETAAHI-11-3 

Painted,  Sliding  Probe,  24kHz 

I'aeility  11,  Operator  3 

A6004I I 

ETAAlIFII-4 

Painted,  Sliding  Probe,  24kHz 

bacility  1 1,  Operator  4 

A60()0(5J 

ET-06(5).I 

Eddy  Current,  hand  scan  of 
Aluminum  Aircraft  lap 
splice  joints  by  crack  length 

A6001J 

f:taaiif.i-i 

Painted,  Sliding  Probe, 

250kHz,  NUT- 16 

bacility  J,  Operator  1 

A6001JR 

ETAAIIIJ-IR 

Painted,  Sliding  Probe, 

250kHz,  NUT- 19 

I  'aeility  J,  Operator  1 
Repeat 

A6002J 

f;taahf,i-2 

Painted,  Sliding  IVobe, 

250kHz,  MIZ-20 

bacility  J,  Operator  2 

A6003.I 

ETAAlll''J-3 

Painted,  Sliding  ITube, 
250kHz,MlZ-20 

bacility  J,  Operator  3 

A6004.i 

ETAAUI'.l-4 

Painted,  460kHz,  rotating 
probe 

b'acility  .1,  Operator  4 

APPENDIX  A: 


EDDY  CURRENT 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

A-ET7 

A7000(2)L 

Eddy  current  inspection  of 
4340  steel  flat  plate  panels, 
by  crack  length 

A7001AL 

As  Machined. 

Operator  A 

A7001BL 

As  Machined 

Operator  B 

A7001CL 

As  Machined 

Operator  C 

A7003AL 

Etched  and  Proof  Loaded 

Operator  A 

A7003BL 

Etched  and  Proof  Loaded 

Operator  B 

A7003CL 

Etched  and  Proof  Loaded 

Operator  C 

A-ET8 

A8000(7) 

Eddy  current  inspection 
of  bolt  holes  in  J85, 
seventh  stage 
compressor  disks,  by 
crack  length 

A8001L 

Bolt  Holes 

Organization  A 

A8002L 

Bolt  Holes 

Organization  B  at  0.5 
threshold. 

A8003L 

Bolt  Holes 

Organization  B  at  0.8 
threshold. 

A8004L 

Bolt  Holes 

Organization  A  \with 
automatic  pattern 
recognition. 

A8005L 

Bolt  Holes 

Organization  A 

A8006L 

Bolt  Holes 

Organization  C 

A-ET9 

A9000(3)L,D 

Eddy  Current  Scan  of 
Aircraft  .Stiffened  .Stringer 
Panels 

A9001(3)L 

As  Machined 

By  Length 

A9002(3)L 

After  Etch 

A9003(3)L 

After  Riveting  to  a 

Substrate  Panel 

A9001(3)D 

As  Machined 

By  Depth 

A9002(3)D 

After  Etch 

A9003(3)D 

After  Riveting  to  a 

Substrate  Panel 

# 

11^7  l’agcA-6 
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EDDY  CURRENT 


FILE 

ID 

1  ESI  SPECIMENS 

OPERATOR 

A-ETA 

• 

AA000(3)L 

Eddy  Current  Inspection 
of  Lack  of  Penetration 
Defects  in  Welds 

AA001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

AA002(3)L 

After  Etch 

AA003(3)L 

After  Proof  Loading 

A-ETB 

AB000(3)L 

Eddy  Current  Inspection 
of  Longitudinal  Fatigue 
Cracks  in  Welds  with 
Crowns 

AB001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

AB002(3)L 

After  Etch 

AB003(3)L 

After  Proof  Loading 

A-ETC 

ACOOO(3)L 

Eddy  Current  Inspection 
of  Transverse  Fatigue 
Cracks  in  Welds  with 
Crowns 

AC001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

AC002(3)L 

After  Etch 

AC003(3)L 

After  Proof  Loading 

A-ETD 

ADOOO(3)L 

Eddy  Current  Inspection 
of  Longitudinal  Fatigue 
Cracks  in  Flush  Welds 

AD001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

AD002(3)L 

After  Etch 

AD003(3)L 

After  Proof  Loading 

A-ETE 

AE000(3)L 

Eddy  Current  Inspection 
of  Transverse  Fatigue 
Cracks  in  Flush  Welds 

AE001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

AE002(3)L 

After  Etch 

AE003(3)L 

After  Proof  Loading 

1 1  m 
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MAGNETIC  PARTICLE 


TEST  SPECIMENS 


OPERATOR 


B-MT1 


B1000(2) 


B1001AL 


B1001BL 


B1001CL 

B1003AL 


B1003BL 


B1003CL 

B-MT2 


B2000(4) 


B20011 


B20^12 

B20013 


B-MT3 


03000(4) 


B30011 


B30012_ 

B-MT4 

A4000(7) 


MT-02(4) 


MTCAA01L-I 

MTCAA01L-II 

MTCAA01L-II 


MT-03(4) 


MTCAB01L-1 


MTCAB01L-II 


A4UU1(/') 


Magnetic  particle 
inspection  of  4340  steel 
flat  panels  by  crack 
length 


As  machined 


As  machined 


As  machined 


After  etch  and  proof 


After  etch  and  proof 


After  etch  and  proof 


Magnetic  particle 
inspection  of  J85  /  sixth 
stage  compressor  disks, 
by  crack  length 


Boll  Holes 


Bolt  1  lolcs 


Bolt  Ho  c 


Magnetic  particle 
inspection  of  J85  /  fourth 
stage  spacers,  by  crack 
length 


Bolt  Holes 


Boll  Holes 


Magnetic  particle 
inspection  of  J-85, 
seventh  stage 
compressor  disks,  by 
crack  length 


J-85,  seventh  stage 
compressor  disks. 


Operator  A 


Operator  B 


Operator  C 


Operator  A 


Operator  B 


Operator  C 


Organization  1 


Organization  2 


Organization  3 


Organization  1 


Organization  2 


Organization  D 
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FLUORESCENT  PENTRANT 


FILE 

ID 

TEST  SPECIMENS 

OPEItATOR 

C-PT1 

C1000(1L 

PT-01(1L 

Fluorescent  penetrant  on 
aluminum  flat  plates, 

0.060"  and  0.220" 
thickriesses,  by  crack 
length 

C1001AL 

PTAAA01L-A 

As  Machined 

Operator  A 

C1001BL 

PTAAA01L-B 

As  Machined 

Operator  B 

C1001CL 

PTAAA01L-C 

As  Machined 

Operator  C 

C1002AL 

PTAAA02L-A 

After  Etch 

Operator  A 

C1002BL 

PTAAA02L-B 

After  Etch 

Operator  B 

C1002CL 

PTAAA02L-C 

After  Etch 

Operator  C 

C1003AL 

PTAAA03L-A 

After  Proof 

Operator  A 

C1003BL 

PTAAA03L-B 

After  Proof 

Operator  B 

C1003CL 

PTAAA03L-C 

After  Proof 

Operator  C 

C-PT2 

C2000(1L 

PT-02{1  L 

Fluorescent  penetrant  on 
aluminum  fiat  plates, 
0.085"  and  0.220" 
thicknesses,  by  crack 
length 

C2002AL 

PTAAB02L-A 

After  Etch 

Operator  A 

C2002BL 

PTAAB02L-B 

After  Etch 

Operator  B 

C2002CL 

PTAAB02L-C 

After  Etch 

Operator  C 

C-PT3 

C3000<2L 

PT-03(2LAL 

Fluorescent  penetrant  on 
titanium  flat  plates, 

0.065"  and  0.225" 
thickness,  by  crack 
length 

C3001AL 

PTAA01L-A 

As  Machined 

Operator  A 

C3001BL 

PTAA01L-B 

As  Machined 

Operator  B 

C3001CL 

PT/\A01L-C 

As  Machined 

Operator  C 

C3002AL 

PTAA02L-A 

After  Etch 

Operator  A 

C3n02BL 

PTAA02L-B 

After  Etch 

Operator  B 

C3002CL 

PTAA02L-C 

After  Etch 

Operator  C 

C3003AL 

PTAA03L-A 

After  Proof 

Operator  A 

C3003BL 

PTAA03L-B 

After  Proof 

Operator  B 

C3003CL 

PTAA03L-C 

After  Proof 

Operator  C 

I  I  7 
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# 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

C-PT4 

C4000(4L 

PT-04(4L 

Fluorescent  penetrant  of 
J85  /  sixth  stage 
compressor  disks,  by 
crack  length 

C400011 

PTCAAOl  L-l 

Bolt  Holes 

Organization  1 

C400012 

PTCAA01L-II 

Bolt  Holes 

Organization  2 

C400013 

PTCAAOl  L-lll 

Bolt  Holes 

Organization  3 

C400014 

F»TCAA01L-IV 

Bolt  Holes 

Organization  4 

C-PT5 

C5000(4L 

PT-05(4L 

Fluorescent  penetrant  of 
J85  /  fourth  stage 
spacers,  by  crack  length 

C500011 

PTCAB01L-I 

Bolt  Holes 

Organization  1 

C500012 

PTCAB01L-II 

Bolt  Holes 

Organization  2 

C500014 

PTCAB01L-IV 

Bolt  Holes 

Organization  4 

C500016 

PTCAB01L-VI 

Bolt  Holes 

Organization  6 

C-PT6 

C6000(2) 

Fluorescent  penetrant  on 
4340  steel  flat  plates,  by 
crack  length 

C6001AL 

As  Machined 

Operator  A 

C6001BL 

As  Machined 

Operator  B 

C6001CL 

As  Machined 

Operator  C 

C6002AL 

After  Etch 

Operator  A 

C6002BL 

After  Etch 

Operator  B 

C6002CL 

After  Etch 

Operator  C 

C6003AL 

After  Etch  and  Proof 

Operator  A 

C6003BL 

After  Etch  and  Proof 

Operator  B 

C6003CL 

After  Etch  and  Proof 

Operator  C 

C-PT7 

C7000(7L 

Fluorescent  penetrant  of 
.j85  /  Seventh  stage 
compressor  disks,  by 
crack  length 

C7001L 

Bolt  Holes 

Organization  A 

C7002L 

Bolt  Holes 

Organization  B 

C7003L 

Bolt  Holes 

Organization  C 

1 1  a;? 


APPEMDIXC: 


FLUORESCENT  PENTRANT 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

C-PT8 

- - -  -1 

C8000(3)L,D 

Fluorescent  Penetrant 
Inspection  of  Aircraft 
Stiffened  Stringer  Panels 

Combined  -  3  Operators 

C8001(3)L 

As  Machined 

By  Lengtti 

C8002(3)L 

After  Etch 

C8003(3)L 

After  Riveting  to  a 

Substrate  Panel 

As  Machined 

By  Depth 

C8002(3)D 

After  Etch 

C8003(3)D 

After  Riveting  to  a 

Substrate  Panel 

C-PT9 

C9000(3)L 

Fluorescent  Penetrant 
Inspection  of  Lack  of 
Penetration  (LOP) 

Defects  in  Aluminum 

Alloy  GTA  Welds 

C9001(3)L 

As  Welded 

Combined  -  3  Operators 

C9002(3)L 

After  Scarfing 

C9003(3)L 

After  Etch 

C9004(3)L 

After  Proof  Loading 

C-PTA 

CA000(3)L 

Fluorescent  Penetrant 
Inspection  of 

Longitudinal  Fatigue 
Cracks  in  Welds  with 
Crowns 

CA001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

CA002(3)L 

After  Etch 

CA003(3)L 

After  Proof  Loading 

C-PTB 

uduuu(j)L 

nuorescetlt  renetrarlt 
Insection  of  Transverse 
Fatigue  Cracks  in  Welds 
with  Crowns 

CB001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

CB002{3)L 

After  Etcti 

CB003(3)L 

After  Proof  Loading 

1 1  m 
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APPENDIX  C: 


FLUORESCENT  PENTRANT 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

C-PTC 

CC000(3)L 

Fluorescent  Penetrant 
Inspection  of 

Longitudinal  Fatigue 
Cracks  in  Flush  Welds 

CC001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

CC002(3)L 

After  Etch 

CC003(3)L 

After  Proof  Loading 

C-PTD 

CDOOO(3)L 

Fluorescent  Penetrant 
Inspection  of  Transverse 
Fatigue  Ci  cks  in  Flush 
Welds 

CD001(3)L 

As  Welded  and  Scarfed 

Combined  -  3  Operators 

CD002(3)L 

After  Etch 

CD003(3)L 

After  Proof  Loading 

C-PTE 

CE00a(6)L,  D 

Water  Washable 
Fluorescent  Penetrant 
on  Haynes  188  Flat 

Panels 

CE011(6)L 

No  Developer,  by  Length 

Facility  1,  Operator  A 

CE011(6)D 

No  Developer,  by  Depth 

Facility  1 ,  Operator  A 

CE012(6)L 

CE011(6)L.  with  Aqueous 
Developer 

Facility  1 ,  Operator  A 

nF.012(6)D 

CE01 1(6)D,  with  Aqueous 
Developer 

Facility  1 ,  Operator  A 

CE021(6)L 

No  Developer,  by  Length 

Facility  1 ,  Operator  B 

CE021(6)D 

No  Developer,  by  Depth 

Facility  1 ,  Operator  B 

CE022(6)L 

CE011(6)L,  with  Aqueous 
Developer 

Facility  1 ,  Operator  B 

r^r:noo/«\n 

CE011{6)D,  with  Aqueous 
Developer 

Facility  t.  Operator  B 

CE031(6)L 

No  Developer,  by  Length 

Facility  1 ,  Operator  C 

CE031(6)D 

No  Developer,  by  Depth 

Facility  1 ,  Operator  C 

CE032(6)L 

CE011(6)L,  with  Aqueous 
Developer 

Facility  1 ,  Operator  C 

CE032(6)D 

CE011(6)D,  with  Aqueous 
Developer 

Facility  1 ,  Operator  C 

CE041(3)L 

No  Developer,  by  Length 

Facility  1 ,  Operator  H 

CE041(3)D 

No  Developer,  by  Depth 

Facility  1,  Operator  H 

1  l/‘J7 
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APPENDIX  C;  FLUORESCENT  PENTRANT 


FILE 

ID 

TEST  SPECIMENS 

OPEILATOR 

- J - 1 

CE042(6)L 

CEO^DSL  w<l!^  A(3ijeous 

Faairry 

Operator  H  j 

Oeveiot>€' 

CE042(6)D 

CEO’  *  6  C  Ai3jne<x»s 

Operator  H 

Oe’.ecc^' 

CE051(6)L 

Nc  Oe^'Cicce-'  t'-i 

*ac.«N 

Oce'atcK  J 

1  CE051(6)D 

•v:  7»ec<r 

-*c;nri  ’ 

CX^erator  - 

'  CE052(6>L 

A*  ■  *1-.  H>rr 

•JiTillf'.  • 

Oce<»:cr'  J 

CE052«6*D 

7r  r  * '  •  C  •'fT 

•  aoiiir.  * 

Jwafc  . 

r«r^<«*cc*e‘ 

CE06*  .6  L 

•  *:iiir*  • 

Cce-'acor  ^ 

CE061^6»C 

S<.  ?«r*«eii;c«e'  tu  Z'tcff' 

•  aciiir*  • 

Dce^aAC'-  ^ 

CE062i6*L 

7E  7  ■  ’  ■:  k  »'f!* 

*  ii:Mirj  • 

7pe''ar‘:r  ^ 

CE062(6)D 

~f  ?  *■  ’  *  C  «T* 

••  *cair.  • 

t?*e  ■ 

CE07H6)L 

tvc  T:, 

►  »:air,  • 

Oce^-atcr  P 

CE071(6')D 

No  De^ejoc^'  Dect’* 

f^ac.'iir,  ’ 

Operator"  R 

CE072(6)L 

CEO*t^6-L  Aaoecv^s 

Faci^  * 

Ooefator  R 

Devetope' 

CE072{6)D 

CEOlH6>0  wit n  Aqueous 

Facilit>  t 

Operator  R 

Developer 

CE081(6)L 

j  400  mwatts  Black  Light 

j  Facility  1 

Operator  G 

CE081(6)D 

1  400  mwatts  Black  Light 

[  Facility  1 

Operator  G 

1 1  m 
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APPENDIX  D: 


ULTRASONIC  INSPECTION 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

UEHimm 

D1000(1L 

UT-01(1)L 

Ultrasonic  inspection 
(surface  wave)  on 
aluminum  flat  plates, 

0.060"  and  0.220" 
thicknesses,  by  crack 
length 

D1001AL 

UTAAA01L-A 

As  Machined 

Operator  A 

D1001BL 

UTAAA01L-B 

As  Machined 

Operator  B 

D1001CL 

UTAAA01L-C 

As  Machined 

Operator  C 

D1002AL 

UTAAA02L-A 

After  Etch 

Operator  A 

D1002BL 

UTAAA02L-B 

After  Etch 

Operator  B 

D1002CL 

UTAAA02L-C 

After  Etch 

Operator  C 

D1003AL 

UTAAA03L-A 

After  Proof 

Operator  A 

D1003BL 

UTAAA03L-B 

After  Proof 

Operator  B 

D1003CL 

UTAAA03L-C 

After  Proof 

Operator  C 

D1000(1)D 

UT-01(1)D 

Ultrasonic  inspection 
(surface  wave)  on 
aluminum  flat  plates, 
0.060"  and  0.220" 
thicknesses,  by  crack 
depth 

D1001AD 

UT-AAA01D-A 

As  Machined 

Operator  A 

D1001BD 

UT-AAA01D-B 

As  Machined 

Operator  B 

D1001CD 

UT-AAA01D-C 

As  Machined 

Operator  C 

D1002AD 

UT-AAA02D-A 

After  Etch 

Operator  A 

D1002BD 

UT-AAA02D-R 

After  Etch 

Operator  B 

D1002CD 

UT-AAA02D-C 

After  Etch 

Operator  C 

D1003AD 

UT-AAA03D-A 

After  Proof 

Operator  A 

D1003BD 

UT-AAA03D-B 

After  Proof 

Operator  B 

D1003CD 

UT-AAA03D-C 

After  Proof 

Operator  C 

D-UT2 

D2G00(1 

uT-02(1)L 

Ultrasonic  inspecticn 
(surface  wave)  on 
aluminum  flat  plates, 
0.085"  and  0.220" 
thicknesses,  by  crack 
length  ..iid  depth 

D2002AL 

UTAAB02L-A 

After  Ech,  By  Length 

Operator  A 

D2002BL 

UTAAB02L-B 

After  Ech,  By  Length 

Operator  B 

I 
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APPENDIX  D: 


ULTRASONIC  INSPECTION 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

D2002CL 

UTAAB02L-C 

After  Ech,  By  Length 

Operator  C 

D2002AD 

UTAAB02D-A 

After  Ech,  By  Depth 

Operator  A 

D2002BD 

UTAAB02D-B 

After  Ech,  By  Depth 

Operator  B 

D2002CD 

UTAAB02D-C 

After  Ech,  By  Depth 

Operator  C 

D-UT3 

D3000(2L 

UT-03(2)A  L 

Ultrasonic  inspection 
(surface  wave)  on 
titanium  flat  plates, 

0.065"  and  0.225" 
thickness,  by  crack 
length 

D3001A1. 

UTAAOIL-A 

As  Machined 

Operator  A 

D3001BL 

UTAAOIL-B 

As  Machined 

Operator  B 

D3001CL 

DTAAOIL-C 

As  Machined 

Operator  C 

D3003AL 

l)TAA03L-A 

After  Proof 

Operator  A 

D3003BL 

UTAA03L-B 

After  Proof 

Operator  B 

D3003CL 

UTAA()3L-C 

After  Proof 

Operator  C 

D-UT4 

04000(4 

UT-04(4) 

Ultrasonic  inspection 
(surface  wave)  in  J85  / 
sixth  stage  compressor 
disks,  by  crack  length 

D4004 

UTCAA01LW-IV 

Bolt  Holes 

Organization  4 

D-UT5 

05000(4 

UT-05(4) 

Ultrasonic  inspection 
(surface  wave)  in  J85  / 
fourth  stage  spacers,  by 
crack  length 

D5004 

UTCAB01LW-IV 

Bolt  Holes 

Organization  4 

D-UT6 

06000(2) 

Ultrasonic  inspection 
(surface  wave)  on  4340 
steel  plates,  by  crack 
length. 

D6001AL 

As  Machined 

Operator  A 

D6001BL 

As  Machined 

Operator  B 

D6001CL 

As  Machined 

Operator  C 

D6003AL 

After  Proof 

Operator  A 

D6003BL 

After  Proof 

Operator  B 

D6003CL 

After  Proof 

Operator  C 

I  \m 
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APPENDIX  D: 


ULTRASONIC  INSPECTION 


FILE 

ID 

-EST SPECIMENS 

OPERATOR 

D-UT7 

D7000(7)L 

Ultrasonic  inspection  of 
J85  /  seventh  stage 
compressor  disks,  by 
crack  length 

D7001L 

Bolt  Holes 

Organization  A, 

Operator  1 

D7002L 

Bolt  Holes 

Organization  A, 

Operator  2 

D7003L 

Bolt  Holes 

Organization  C 

D-UT8 

D8000(3)L,  D 

Ultrasonic  Inspection  of 
Aircraft  StitYened 

Stringer  Panels 

Combined  -  3  Operators 

D8001(3)L 

As  Machined 

By  Length 

D8002(3)L 

After  Etch 

D8003(3)L 

After  Riveting  to  a 

Substrate  Panel 

D8001(3)D 

As  Machined 

By  Depth 

D3002(3)D 

After  Etch 

D8003(3)D 

After  Riveting  to  a 

Substrate  Panel 

D-UT9 

D9000(3)L,  D 

Ultrasonic  Inspection  of 
Lack  of  Penetration 
(LOP)  Defects  in 
Aluminum  Alloy  GTA 
Welds 

Combined  -  3  Operators 

D9001(3)L 

As  Welded  and  Scarfed 

By  Length 

D9002(3)L 

After  Etch 

D9003(3)L 

AfterProof  Loading 

□9001(3)0 

As  Welded  and  Scarfed 

By  Depth 

□9002(3)0 

After  Etch 

09003(3)0 

AfterProof  Loading 

D9004(3)L 

As  Welded  and  Scarfed 

By  Length 

09005(3)L 

After  Etch 

□9006(3)L 

AfterProof  Loading 

09004(3)0 

As  Welded  and  Scarfed 

By  Depth 

□9005(3)0 

After  Etch 

□9006(3)0 

AfterProof  Loading 

APPENDIX  D: 


ULTRASONIC  INSPECTION 


FILE 

II) 

TEST  SPECIMENS 

OPERATOR 

D-UT9 

DAOOO(3)L,D 

Ultrasonic  Inspection  of 
Longitudinal  Fatigue 
Cracks  in  Welds  with 
Crowns 

Combined  -  3  Operators 

DA001(3)L 

As  Welded  and  Scarfed 

By  Length 

DA002(3)L 

After  Etch 

DA003(3)L 

AfterProof  Loading 

DA001(3)D 

As  Welded  and  Scarfed 

By  Depth 

DA002(3)D 

After  Etch 

DA0Q3(3)D 

AfterProof  Loading 

I  I  '')7 
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APPENDIX  E: 


VISUAL  INSPECTION  /OPTICAL  MICROSCOPY 


FILE 


ID 


TEST  SPECIMENS 


OPERATOR 


E-VT1 

E1000(6) 


E1001AL 


E1002AL 


E-VT2 

E2000(4 


E2006 


VT-02'4) 


Visual  inspection  of 
fatigue  cracks  in  Inconel 
718  and  Haynes  188  flat 
plates,  by  crack  length 

Unaided  visual  inspection 
with  7X  magnification  for 

verification _ 

Visual  inspection  with  30X 
magnification. 


Anonymous  data  using 
panels  from  the 

referenced  work. _ 

Anonymous  data  using 
panels  from  the 
referenced  work. 


Visual  inspection  of  J85  / 
sixth  stage  compressor 
disks,  by  crack  length 

Bolt  Holes 


Organization  Vi 


I  I  '97 
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APPENDIX  F: 


X-RADIOGRAPHIC  INSPECTION 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

F-XT1 

■ 

F1060(1)L 


XT-01  (1)A  L 


X-radiography  on 
aluminum  fiat  plates, 
0.060"  thick, 


F10601AL 
F10601BL 
F10601CL 
F10602AL 
F10602BL 
F10602CL 
F10603AL 
F10603BL 
F^OMSCL 
F1 0600)0 


XTAAA01L-A 
XTAAA01L-B 
XTAAA01L-C 
XTAAA02L-A 
XTAAA02L-B 
XTAAA02L-C 
XTAAA03L-A 
XTAAA03L-B 
XTA.AA03L-C 
XT-01  (1)A  o' 


by  crack  length _ 

As  Machined _ 

As  Machined _ 

As  Machined _ 

After  Etch _ 

After  Etch _ 

After  Etch _ 

After  Proof _ 

After  Proof _ 

After  Proof  _ 

X-radiography  on 
aluminum  flat  plates. 


F 10601  AD 
F10601BD 
F10601CD 
F10602AD 
F10602BD 
F10602CD 
F10603AD 
F10603BD 
F10603Cb 
F1000(1)A 


XTAAA01D-A 
XTAAAOlb-B 
XTAAAC1D-C 
XTAAA02D-A 
XTAAA02D-B 
XTAAA02D-C 
XTAAA03DA 
XTAAA03D-B 
XtAAA03D-C 
XT-01  (1)C  a/T 


0.060"  thick,  by  crack 

depth _ 

As  Machined _ 

As  Machined _ 

As  Machined _ 

After  Etch _ 

After  Etch _ 

After  Etch _ 

After  Proof _ 

After  Proof  _ 

After  Proof _ 

X-radiography  on 
aluminum  flat  plates, 


Operator  A 
Operator  B 
Operator  C 
Operator  A 
Operator  B 
Operator  C 
Operator  A 
Operator  B 
Operator  C 


Operator  A 
Operator  B 
Operator  C 
Operator  A 
Operator  B 
Operator  C 
Operator  A 
Operator  B 
Operator  C 


combined  0.060"  and 
0.220  "  thicknesses,  bv 
crack  depth  to  thickness 


ratio 


F10001AA 
FI  0001  BA 


XTAAAOIa/T-A  As  Machined 
^AAAOTa/TB  Asl^'a^"^ 


Operator  A 
Operator  B 


1 1 
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APPENDIX  F: 


X-RADIOGRAPHIC  INSPECTION 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

F10C01CA 

XTAAA01a/T-C 

As  Machined 

Operator  C 

F10002AA 

XTAAA02an--A 

After  Etch 

Operator  A 

F10002BA 

XTAAA02a/T-B 

After  Etch 

Operator  B 

F10002CA 

XTAAA02a/T-C 

After  Etch 

Operator  C 

F10003AA 

XTAAA03a/T-A 

After  Proof 

Operator  A 

F10003BA 

XTAAA03a/T-B 

After  Proof 

Operator  B 

F10003CA 

XTAAA03a/T-'C 

After  Proof 

Operator  C 

F1 220(1  )L 

XT-01  (1)B  L 

X-radiography  on 
aluminum  flat  plates, 
0.220”  thick, 
by  crack  length 

F12201AL 

XTAAA01L-A 

As  Machined 

Operator  A 

F12201BL 

XT.AAA01L-B 

As  Machined 

Operator  B 

F12201CL 

XTAAA01L-C 

As  Machined 

Operator  C 

F12202AL 

XTAAA02L-A 

After  Etch 

Operator  A 

F12202BL 

XTAAA02L-B 

After  Etch 

Operator  B 

F12202CL 

XTAAA02L-C 

After  Etch 

Operator  C 

F12203AL 

XTAAA03L-A 

After  Proof 

Operator  A 

F12203BL 

XTAAA03L-B 

After  Proof 

Operator  B 

F12203CL 

XTAAA03L-C 

After  Proof 

Operator  C 

FI  220(1  )D 

XT-01  (1)B  D 

X-radiography  on 
aluminum  flat  plates, 
0.220"  thick,  by  crack 
depth 

F12201AD 

XTAAA01D-A 

As  Machined 

Operator  A 

F12201BD 

XTA/iJ\01D-B 

As  Machined 

Operator  B 

F12201CD 

XTAAA01D-C 

As  Machined 

Operator  C 

F12202AD 

XTAAA02D-A 

After  Etch 

Operator  A 

F12202BD 

XTAAA02D-B 

Alter  Etch 

Operator  B 

F12202CD 

XTAAA02D-C 

After  Etch 

Operator  C 

F12203AD 

XTAAA03D-A 

After  Proof 

Operator  A 

F12203BD 

XTAAA03D-B 

.After  Proof 

Operator  B 

F12203CD 

XTAAA03D-C 

After  Proof 

Operator  C 

1  I  '‘)7 
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APPENDIX  F: 


X-RADIOGRAPHIC  INSPECTION 


FILE 

II) 

TEST  SPECIMENS 

OPERATOR 

F-XT2 

F2000(1)L 

XT-02(1)A  L 

X-radiography  on 
aluminunrt  flat  plates, 
0.085"  and  0.220" 
thicknesses,  by  crack 
length 

F20852AL 

XTAAB02L-A 

After  Etch,  0.085  inch  thick 

Operator  A 

F20852BL 

XTAAB02L-B 

After  Etch,  0.085  inch  thick 

Operator  B 

F20852CL 

XTAAB02L-C 

After  Etch,  0.085  inch  thick 

Operator  C 

F22202AL 

XTAAB02L-A 

After  Etch,  0.220  inch  thick 

Operator  A 

F22202BL 

XTAAB02L-B 

After  Etch,  0.220  inch  thick 

Operator  B 

F22202CL 

XTAAB02L-C 

After  Etch,  0.220  inch  thick 

Operator  C 

F2000(1)D 

XT-01  (1)A  D 

X-radiography  on 
aluminum  flat  plates, 
0.085"  thick,  and  0.220” 
thick  by  crack  depth 

F20852AD 

XTAAB02D-A 

After  Etch,  0.085  inch  thick 

Operator  A 

F20852BD 

XTAAB02D-B 

After  Etch,  0.085  inch  thick 

Operator  B 

F20852CD 

XTAAB02D-C 

After  Etch,  0.085  inch  thick 

Operator  C 

F22202AD 

XTAAB02D-A 

After  Etch,  0.220  inch  thick 

Operator  A 

F22202BD 

XT/0AB02D-B 

After  Etch,  0.220  inch  thick 

Operator  B 

F22202CD 

XTAAB02D-C 

After  Etch,  0.220  inch  thick 

Operator  C 

F2n00(1)A 

XT-01  (1)C  a/T 

X-radiography  on 
aluminum  flat  plates, 
combined  0.085"  and 

0.220  "  thicknesses,  by 
crack  depth  to  thickness 
ratio 

F20002AA, 

XTAAB02a/T-A 

After  Etch . 

Operator  A 

F20002BA 

XTAAB02a/T-B 

After  Etch 

Operator  B 

F20002CA 

XTAAB02a/T-C 

After  Etch 

Operator  C 

I  I  '‘)7 
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APPENDIX  F: 


X-RADIOGRAPHIC  INSPECTION 


ID 

TEST  SPECIMENS 

OPERATOR 

F-XT3 

F3000(2)L 

XT-03(2)A  L 

X-radiography  on  titanium 
flat  plates,  0.065"  and 

0.225"  thickness,  by  crack 
length 

F30651AL 

XTAA01L-A 

As  Machined,  0.065  inch 
thick 

Operator  A 

F30651BL 

XTAA01L-B 

As  Machined,  0.065  inch 
thick 

Operator  B 

F30651CL 

XTAA01L-C 

As  Machined,  0.065  inch 
thick 

Operator  C 

F30653AL 

XTAA03L-A 

After  Proof,  0.065  inch  thick 

Operator  A 

F30653BL 

XTAA03L-B 

After  Proof.  0.065  inch  thick 

Operator  B 

F30653CL 

XTAA031.-C 

After  Proof,  0.065  inch  thick 

Operator  C 

F32251AL 

XTAA01L-A 

As  Machined,  0.225  inch 
thick 

Operator  A 

F32251BL 

XTAA01L-B 

As  Machined,  0.225  inch 
thick 

Operator  B 

F32251CL 

XTAA01L-C 

As  Machined,  0.225  inch 
thick 

Operator  C 

F32253AL 

XTAA03L-A 

After  Proof,  0.225  inch  thick 

Operator  A 

F32253BL 

XTAA03L-B 

After  Proof,  0.225  inch  thick 

Operator  B 

F32253CL 

XTAA03L-C 

After  Proof,  0.225  inch  thick 

Operator  C 

F3000(1)D 

XT-01(1)A  D 

X-radiography  on  titanium 
fiat  plates,  0.065"  and 

0.225"  thickness,  by  crack 
depth 

F30651AD 

XTAA01D-A 

As  Machined,  0.065  inch 
thick 

Operator  A 

F30651BD 

XTAA01D-B 

As  Machined,  0.065  inch 
thick 

Operator  B 

F30651CD 

XTAA01D-C 

As  Machined,  0.065  inr’ 
thick 

Operator  C 

F30653AD 

XTAA03D-A 

After  Proof,  0.065  inch  thick 

Operator  A 

F30653BD 

XTAA03D-B 

After  Proof,  0.065  inch  thick 

Operator  B 

F30653CD 

XTAA03D-C 

After  Proof.  0.065  inch  thick 

Operator  C 

i‘agcA-22 


APPENDIX  F: 


X-RADIOGRAPHIC  SNSPECTION 


FILE 


F32251AD 


F32251BD 


ID 


XTAA01D-A 


XTAA01D-B 


TEST  SPECIMENS 


As  Machined,  0.225  inch 
thick 


As  Machined,  0.225  inch 
thick 


OPERATOR 


Operator  A 


Operator  B 


F32251CD 


XTAA01D-C 


As  Machined,  0.225  inch 
thick 


Operator  C 


F32253AD 


F32253BD 


XiAA03D-A 


After  Proof,  0.2Z5  inch  thick 


operator  A 


XTAA03D-B 


After  Proof,  0.225  inch  thick 


Operator  B 


F32253CD 


XTAA03D-C 


After  Proof,  0.225  inch  thick 


Operator  C 


F-XT4 


F4060(2)L 


X-radiography  on  0.060 
inch  thick  4340  steel  flat 
plates 


F40601AL 


As  Machined 


Operator  A 


F40601BL 


F40601CL 


As  Machined 


Operator  B 


As  Machined 


Operator  C 


F40603AL 


F40603BL 


F40603CL 


F4250{2)L 


F42501AL 


F42501BL 


F42501CL 


F42503AL 


F42503BL 


After  Etch  and  Proof 


Operator  A 


After  Etch  and  Proof 


Operator  B 


After  Etch  and  Proof 


Operator  C 


X-radiography  on  0.250 
inch  thick  4340  steel  flat 
plates _ 


As  Machined 


Operator  A 


As  Machined 


Operator  B 


As  Machined 


Operator  C 


After  Etch  and  Proof 


Operator  A 


After  Etch  and  Proof 


Operator  B 


F42503CL 


After  Etch  and  Proof 


Operator  C 


F-XT5 


F5000(3)L,  D 


X-Radiographic  Inspection 
of  Lack  of  Penetration 
(LOP)  Defects  in  Aluminum 
Alloy  GTA  Welds  _ 


Combined  -  3  Operators 


F5001(3)L 


As  Welded  and  Scarfed 


By  Length 


F5002(3)L 


F5003(3)L 


F5001(3)D 


F5002(3)D 


F5003(3)D 


After  Etcli 


After  Proof  Loading 


As  Welded  and  Scarfed 


By  Depth 


After  Etch 


After  Proof  Loading 


APPENDIX  F: 


X-RADIOGRAPHIC  INSPECTION 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

F-XT6 

F6000(3)L,  D 

X-Radiographic  Inspection  of 
Longitudinal  Fatigue  Cracks 
in  Welds  with  Crowns 

Combined  -  3 

Operators 

F6001(3)L 

As  Welded  and  Scarfed 

By  Length 

F6002(3)L 

After  Etch 

F6003(3)L 

After  Proof  Loading 

F6001(3)D 

As  Welded  and  Scarfed 

By  Depth 

FG002(3)D 

After  Etch 

F6003(3)D 

After  Proof  Loading 

F-XT7 

F7000(3)L,  D 

X-Radiographic  Inspection  of 
Transverse  Fatigue  Cracks  in 
Welds  with  Crowns 

Combined  -  3 

Operators 

F7001(3)l. 

As  Welded  and  Scarfed 

By  Length 

F7002(3)L 

After  Etch 

F7003(3)L 

After  Proof  Loading 

F7001(3)D 

As  Welded  and  Scarfed 

By  Depth 

F7002(3)D 

After  Etch 

F7003(3)D 

After  Proof  Loading 

F-XT8 

F8000(3)L,  D 

X-Radiographic  Inspection  of 
Longitudinal  Fatigue  Cracks 
in  Flush  Welds 

Combined  -  3 

Operators 

F8001(3)L 

As  Welded  and  Scarfed 

By  Length 

F8002(3)L 

After  Etch 

F80C)3(3)L 

After  Proof  Loading 

F8001(3)D 

As  Welded  and  Scarfed 

By  Depth 

F8002(3)D 

After  Etch 

F8003(3)D 

After  Proof  Loading 

F-XT9 

F9000(3)L,  D 

X-Radiographic  Inspection  of 
Transverse  Fatigue  Cracks  in 
Flush  Welds 

F9001(3)L 

As  Welded  and  Scarfed 

By  Length 

F9002(3)L 

After  Etch 

F9003(3)L 

After  Proof  Loading 

F9001(3)D 

As  Welded  and  Scarfed 

By  Depth 

F9002(3)D 

After  Etch 

F9003(3)D 

After  Proof  Loading 

APPENDIX  G: 


EMERGING  INSPECTION  METHODS 


FILE 

ID 

TEST  SPECIMENS 

OPERATOR 

r  — •  — =3 

G-ZT 

G1000(1L 

ZT-01(1) 

Holographic 

Interferometry  on 
aluminum  flat  plates 

G10003AL 

ZTAAA03L-A 

After  Proof,  by  Length 

Operator  A 

G10003BL 

ZTAAA03L-B 

After  Proof,  by  Length 

Operator  B 

G10003AD 

ZTAAA03D-A 

After  Proof,  by  Depth 

Operator  A 

G10003BD 

ZTAAA03D-B 

After  Proof,  by  Depth 

Operator  B 

G10003AA 

ZTAAA03^-A 

After  Proof,  by  Crack  Depth 
to  Thickness  Ratio 

Operator  A 

G10003BA 

ZTAAA03a/I-B 

After  Proof,  by  Crack  Depth 
to  Thickness  Ratio 

Operator  B 

G-ZT2 

G2000(7)L 

“Edge  of  Light” 
inspection  on  J85  / 
seventh  stage 
compressor  disks,  by 
crack  length 

G2001L 

Bolt  Holes 

Organization  A 

ET  -  01  (1)  CRACK  LENGTH  DATA  SET  DESCRIPTION _ 

METHOD: _ Eddy  Current _ 

TEST  OBJECT  TYPE: _ Flat  Plate  -  3.5  inches  by  16  inches,  cracks  on  both  sides 

NDE  PROCEDURE:  Eddy  Current  -  Contact  Probe  100  kHz.  Meter  Readout 
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2)  EDDY  CURRENT  INSPECTION  OF  TITANIUM  PANELS 


ET-  04  (4) _ DATA  SET  DESCRIPTION _ 

METHOD: _ Eddy  Current _ 

TEST  OBJECT  TYPE: _ Bolt  holes  in  J85  /  Sixth  stage  compressor  disks;  0.188  in.  (4.B  mrn)  diameter 

NDE  PROCEDURE: _ Eddy  current.  bo!t  holes,  manual  inspection _ 
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A9000(3)L  D  CURRENT  INSPECTION  OF  AIRCRAFT  STRINGER  SHAPES 

6. '97  -A9CjO(3)L;D 


A9000(3)L  DATA  SET  DESCRIPTION  -  CRACK  LENGTH  AND  DEPTH  IN  STRINGERS 

METHOD: _ Eddy  Current _ 

TEST  OBJECT  TYPE: _ Machined,  Stringer  Stiffened  Panels  (A9QG1  and  A90Q2);  Stringers  Riveted  to  a  Flat  Plate  (A9003) 

NDE  PROCEDURE: _ Eddy  Current  -  Contact  Probe  1C0  kHz,  0.Q63  in.  core,  pencil  probe;  hand  scan  with  tooling  aid. 

TEST  SPECIPvlEN  DESCRIPTORS 
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A9003(3)D  Eddy  Current,  Raster  Scan  with  a  Tooling  Aid  -  3  Operators 

6/97  -A9oo3(3)D  2219  Alutttlnum,  Stringer,  Riveted  to  Flat  Panels 
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WELD  LACK  OF  PENETRATION  (LOP)  TEST  SPECIMENS 


AAC00(3)L  weld  lack  of  penetration  (LOP)  TEST  SPECIMENS 
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ABOOO(3)L _ [DATA  SET  DESCRIPTiON _ 

EDDY  CURRENT  INSPECTION 

AB000(3)L  INDUCED  FATIGUE  CRACKS  IN  WELD  PANELS 


DataSet;  AB001{3)L 

Test  Object :  Longitudinal  Cracks  in 


Data  Set:  AB0Q3(3)L 

:'est  Object ;  Longitudinal  Cracks  in 

2219  Aluminum, GTA 
V/elds  with  Crowns 
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EDDY  CURRENT  INSPECTION 
INDUCED  FATIGUE  CRACKS  IN  WELD  PANELS 
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AD000(3)L  1  data  set  description  -  LONGITUDINAL  CRACKS  IN  FLUSH  WELDS 

METHOD:  Machine  scan  with  a  contact  eddy  current  probe;  threshold  gating  and  recording. _ _ 

TEST  OBJECT  TYPE:  Gas  Tungsten  Arc  (GTA),  aiitomatic  welds  in  2219  aiuminum  alloy.  Fusion  and  filler  pass  from  one  side. 

NDE  PROCEDURE:  Probes  were  100  kHz,  0.063  in.  core  for  0,125  inch  and  20  kHz  for  the  0.500  inch  panels. _ 

ARTIFACT  TYPE:  Fatigue  Cracks  !  Root  radius  -  R<  0.  70  (Shaped  EDM  notch  initiation,  in  bending  and  tension  /  tension) 
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EDDY  CURRENT  INSPECTION 
INDUCED  FATIGUE  CRACKS  IN  WELD  PANELS 


AD003f3^L  Eddy  Current  Inspection-  3  Operators 

6/97  -  AD003(3)L  Longitudinai  Fatigue  Cracks  in  2219  Aluminum  GTA,  Flush  Welds  After  Scarfing,  Etching  and  Proof  Load 
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AE001  (3)L  Eddy  Current  Inspection  -  3  Operators 

8,97  -AEQoi(3iL  Transvcrse  Fatigue  Cracks  in  2219  Aluminum  GTA,  Flush  Welds  After  Scarfing 


AE003(3)L  Current  Inspection  -  3  Operators 

B/97 -AEoo3(3)L  Transvepse  Fatigue  Cracks  in  2219  Aluminum  GTA,  Flush  Welds  After  Scarfing,  Etching  and  Proof  Loading 
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PTAAA01-B 
-  Fiat  Panel 


Data  Set:  P7AAA02  -A 

Test  Object :  Aluminum  /  Flat  Panel 

Condition:  After  Etch 
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Aluminum  -  Flat  Panel 
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FLUORESCENT  PENETRANT 

PT  -  03  (2)  TITANIUM  PANELS 
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PENETRANT  iNSPECTION  OF  TITANIUM  PANELS 


PT  -  03  (2)  PENETRANT  INSPECTION  OF  TITANIUM  PANELS 


PT  -  03  (2)  PENETRANT  INSPECTION  OF  TITANIUM  PANELS 
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2)  PENETRANT  INSPECTION  OF  TITANIUM  PANELS 


(%)  Noiioaiaa  do  Ainiavaoyd 


PT  -  03  (2)  PENETRANT  INSPECTION  OF  TITANIUM  PA^4ELS 


METHOD: _ Fluorescent  Penetrant _ 

TEST  OBJECT  TYPE: _ Bolt  holes  in  J85 1  Sixth  stage  compressor  disks;  0,188"  (4.8  rr"i)  diameter 

NDE  PROCEDURE:  | Fluorescent  penetrant,  manual  inspection 

ARTIFACT  TYPE:  Service  induced  fatigue  cracks 
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ACTUAL  CRACK  LENGTH  -  (Inch) 


FLUORESCENT  PENETRANT 

PT'C5(4)  gas  TURBINE  engine  spacers 
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-engine  spacers 


DataSet:  PTCAB01L-V1 

Test  Object;  AM355  SS  /  Bolt  Holes  in 

JS5  /  fourth  Stage 
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C6000(2)  FLUORESCENT  PENETRANT  INSPECTION  MACHINED  -  OPERATOR  C 

OF  4340  STEEL  PANELS 
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C7000{7)L _ DATA  SET  DESCRIPTION _ 

TIietHOD: _ Fluorescent  Penetrant _ 

I  TEST  OBJECT  TYPE;  Bolt  holes  in  J85  /  Seventh,  stage  cc  mpressor  disks;  0.188  in.  (4.8  mm)  dianneter 

IMDE  PROCEDURE:  _ Fluorescent  Penetrant  (Level  II) _ 

[ARTIFACT  TYPE: _ Service  induced  fatigue  cracks _ _ 


MANUAL  FLUORESCENT  PENETRANT  INSPECTIOiM  OF 
C7000(7)L  GAS  TURBINE  ENGINE  COMPRESSOR  DISKS 

6,'9S-C7Q00(7) 
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C7000{7)  FLUORESCENT  PENETRANT  INSPECTION  OF  BOLT  HOLES 
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FLUORESCENT  PENETRANT  INSPECTION  OF  AIRCRAFT  STRINGER  SHAPES 


k 


CO 

UJ 

Q. 

< 

X 

w 

X 

Ui 

o 

z 

X 


cn 


2 


O 

X 

< 


o 

LU 

a. 

yj 


h“ 

Z 


LLI 

z 

UJ 

0. 


UJ 

o 

c/3 

UJ 

X 

o 


Q  q 


CO 


O  00 

S  ^ 

O  K. 
00  cn 

O  ^ 


100 


.Q.<XK 


.  '•'■  r  ^  •  '•  ••■».•  •  •> 


CA000(3)L _ DATA  SET  DESCRIPTION  -  LONGITUDINAL  WELDS  WITH  CROWNS _ 

METHOD: _ Fluorescent  Penetrant  -  Solvent  Removable _ _ 

TEST  OBJECT  TYPE: _ Gas  Tungsten  Arc  (GTA),  automatic  welds  in  2219  aluminum  alloy.  Fusion  and  filler  pass  from  one  side. 

NDE  PROCEDURE: _ F'uoresuerit  Penetrant  Inspection;  URESCO  P-149,  Solvent  Removable(K-410);  D499C  Developer 

ARTIFACT  TYPE:  Fatigue  Cracks  /  Root  radius  -  R<  0.  70  (Shaped  EDM  notch  initiation,  in  bending  and  tension  /  tension) 


FLUORESCENT  PENETRANT  INSPECTION 

CAOOO(3)L  INDUCED  FATIGUE  CRACKS  IN  WELD  PANELS 
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INDUCED  FATIGUE  CRACKS  IN  WELD  PANELS 
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CB002{3)L  Fluorescent  Penetrant  -  3  Operators 

6/97-cboo2(3)l  Transverse  Fatigue  Cracks  in  2219  Aluminum  GTA  Welds  After  Scarfing  and  Etching 
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FLUORESCENT  PENETRANT  INSPECTION 
INDUCED  FATIGUE  CRACKS  IN  WELD  PANELS 
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After  Scarfing,  Etching  and  Proof  Loading 


CD000(3)L _ I  DATA  SET  DESCRIPTION  -TRANSVERSE  CRACKS  IN  FLUSH  WELDS _ 

METHOD: _ Fluorescent  Penetrant  -  Solvent  Removable  _ 

TEST  OBJECT  TYPE: _ Gas  Tungsten  Arc  (GTA),  autonnatic  welds  in  2219  aluminum  alloy.  Fusion  and  filler  pass  from  one  side. 

NDE  PROCEDURE: _ Fluorescent  Penetrant  Inspection;  URESCQ  P-149,  Solvent  Removable(K-410);  D499C  Developer 
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FLUORESCENT  PENETRANT  INSPECTION 

CD000{3)L  INDUCED  FATIGUE  CRACKS  IN  WELD  PANELS 
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WATER  WASHABLE  FLUORESCENT  PENETRANT 
CE000(6)L,D  HAYNES  188 -FLAT  PANELS 
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icE000(6)L,D  DATASET  DESCRIPTION  FLAT  PANEL,  HAYNES  188 

!  METHOD:  I _ Water  Washable  Fluorescent  Penetrant _ 
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UT  -  01  (1)  CRACK  LENGTH  DATA  SET  DESCRIPTION _ 

METHOD: _ Ultrasonic  Surface  Wave _ 

TEST  OBJECT  TYPE: _ Flat  Plate  -  3.5  inches  by  16  inches,  cracks  on  both  sides 

iNDE  PROCEDURE;  Ultrasonic  Surface  Wave  -  Immersion  at  ICMHz 
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UT  -  01  (1)  CRACK  DEPTH  DATA  SET  DESCRIPTION _ 

METHOD: _ Ultrasonic  Surface  Wave _ 

TEST  OBJECT  TYPE: _ Fiat  Plate  -  3.5  inches  16  inches,  cracks  on  both  sides 

HDE  PROCEDURE:  Ultrasonic  Surface  Wave  -  Immersion  at  10MHz 
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UT  -  02  (1 )  GENERAL  DYNAMICS  -  FLAT  PANELS 

6:35 


(o/„)  N01J.03J 


=10 


(%)  Noiioaiaa  do  Ainiavaoyd 


U  QQ 


X 

o 

h“ 

LU 

cd 

LU 

h— 

Li. 

< 


JO 

_J 

ILi 

z 

< 

a. 


3 

z 


o 

z 

o 

CO 

-I 

=) 


< 

(O 

o 

s 

< 

z 

>- 

o 


CM 

o  m 


h“ 

Z) 


UJ  S 
0  £ 


i 


lU  c/3 
> 


I 

UJ 

o 

< 

u. 

a: 

(j) 

o 

z 

o 

oi 


LU 

z 

«t 

a. 

S 

3 

z 

< 

t 

1- 


CM 


n 

o 


=3  Si 


i 


00  J,  I  I  ■  I— eaBBS  -  x-*—— aoc— 3IX-X — ^Xa>»X»3SC»3!500t>:i3><>X>X-»3X-X— X— X 1  00  ^ 


o 

o> 


o 

€0 


o 


o 

CD 


o 

kO 


o 

CO 


O 


U) 

r- 

d 


o 

N 

d 


CD 

d 


o 

CO 


CO 

U) 


o 

ID 


CD 


O 


u> 

o 

d 


o 

CO 

d 


<  < 

-I  a: 

U 
5  01 
^  CL 


n 

o 

C 


!r 

H 

O 

UJ 

-J 

O 


o 

_i 

< 

z> 


lo  O 

CN  ^ 

o’ 


in 

o' 


o 

T* 

o 


Ui 

o 


o 

o 


o 

OI 

Z 

X 

o 


V) 

< 


(%)  Noii33i3a  do  AiniavGoyd 


UT  -  03  (2)  ULTRASONIC  INSPECTION  OF  TITANIUM  PANELS 
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UT  -  03  (2)  ULTRASONIC  INSPECTION  OF  TITANIUM  PANELS 
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UT  -  03  (2)  ULTRASONIC  INSPECTION  OF  TITANIUM  PANELS 
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ULTRASONIC  INSPECTION  OF  GAS  TURBINE  ENGINE  DISKS 


UT- 05  (4) _ [DATA  SET  DISCRIPTiON _ 

METHOD: _ Ultrasonic  Inspection _ 

TEST  OBJECT  TYPE: _ Bolt  holes  in  J85  /  Fourth  stage  spacers;  Q.188"  (4.6  mm)  diameter 

NDE  PROCEDURE: _ Ultrasonic  Inspection  -  Leaky  Wave _ 

ARTIFACT  TYPE:  Ser\-ice  induced  fatigue  cracks 
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D7000(7)L _ DATA  SET  DESCRIPTION _ 

METHOD:  Uitrasonic  Inspection _ 

TEST  OBJECT  TYPE: _ Bolt  holes  in  J85  /  Seventh  stage  compressor  disks;  0.188  in.  (4.8  mm)  diameter 

NDE  PROCEDURE: _ Ultrasonic  Shear  Wave  /  Leaky  Wave _ 
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ULTRASONIC  INSPECTION  OF 
GAS  TURBINE  ENGINE  COMPRESSOR  DISKS 


ULTRASONIC  INSPECTION  OF  AIRCRAFT  STRINGER  SHAPES 
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Ultrasonic  Shear  Wave  -  3  Operators 

DAQ03(31L  Longitudinal  Fatigue  Cracks  in  2219  Aluminum  GTA  Welds 

6/97 -DA0D3(3>L  As  Cracksd,  Scarfed,  Etched  and  Proof  Loaded 


OPTICAL  MICROSCOPY  INSPECTION 
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E1000(6)  VISUAL  INSPECTION  OF  INCONEL  AND  HAYNES  PANELS 


E1 000(6)  VISUAL  INSPECTION  OF  INCONEL  AND  HAYNES  PANELS 


o 


X 


1! 


(M 


o 


w 

in 

m 

n 

c 

o 

z 

21 

o 

0) 

3 

•SI' 

i£ 


O) 


TJ 

0) 

a 

TO 

C 

CO 

a) 


03 

£Z 

03 

TO 

Q 

4-J 

o 

O)  £i 

p  a') 

(U  t3 

5 

O) 

|?| 
e  a 


o  -= 

a> 

c  E 

=  3 
tf)  \z 

r§ 

■li 

TO  £ 


™ 

0) 

^  m 
X)  ^ 

'33  X) 
C  (l) 

■i’o 

O  0-1 

(U  TI 
I-  TO 


< 

o 

d 

D) 

TO 

b 

r. 

TO 

U) 


o 


Is 

c  e 
ro  TO 

5,  g>i 

Q  O 


eI 

Sf 

ID  11) 

£  ra 

?x\ 
^  fi? 

•n  ^ 

O)  U) 

■n 

1  ^ 

B 

if)  C 

10  '“ 

^  1=^ 

1-  n) 

TO  n 

?'!' 
Ci.  cn 
X‘ 
oj  O 
rr.  X 
jo  03 

CD  ^ 

^  oj 
<  $ 


< 


>- 

X 

a. 

g 

(!) 

O 

O 


V} 

-I 

UJ 

z 

< 

a. 

§ 

Li. 

I 

s 

3 

Z 

s 

D 

_l 

< 

-J 

<i 

z 

o 

z 

r 

o 

z 

o 

(O 

o 


X 

I— 

o 

z 

Lil 

-J 

o 

§ 

o 

< 


I-  oi 

X  “ 


100 


0.060  Inch  Nominal  Panel  Thickness  -  XTAAA01L-B 


(%)  Noiio3i3a  do  Ainiavaoyd 


0.060  Inch  Nominal  Panel  Thickness  -  XTAAA02L-A 


el  Thickr 


100 


-xooccEzczrocX' 


-XCEXXCX- 


CRACK 


# 


>- 

X 

a. 

O 

O 

o 


V) 

_l 

111 

z 

< 

a. 


S 

3 

Z 

S 

3 

_J 

< 

_J 

<C 

z 

s 

o 

z 

X 

o 


o 

cvt 

<N 


X 

f— 

o 

Z 

UJ 

o 

s 

o 

QQ 


X  s 


Test  Object :  Aluminum  /  Fiat  Panel 

Condition:  As  Machined 

Method;  X-radiography 

Operator:  A 
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F6000(3)L,D  IDATA  SET  DESCRIPTION  -  LONGITUDINAL  WELDS  WITH  CROWNS _ 

METHOD;  X-radiographic  inspection _ _ _ 

TEST  OBJECT  TYPE:  Gas  Tunqsten  Arc  (GTA),  automatic  welds  in  2219  aluminum  alloy.  Fusion  and  filler  pass  from  one  side. 

NDE  PROCEDURE.  45  and  70  KV;  20  ma;  48"  F^D.Time:  1  1/2  to  2  1/2  min. (Thickness);  Kodak  Type  M,  Automatic  Process 

ARTIFACT  TYPE:  Fatigue  Cracks  /  Root  radius  -  R<  0.  70  (Shaped  EDM  notch  initiation,  in  bending  and  tension  /  tension) 


X-RADIOGRAPHIC  INSPECTION 
FATIGUE  CRACKS  IN  GTA  WELD  SPECIMENS  WITH  CROWNS 


X-Radiography-  3  Operators 

Longitudinal  Fatigue  Cracks  in  2219  Aluminum  GTA  Welds  As  Cracked  and  Scarfed 


Cracked,  Scarfed  and  Proof  Loaded 


DataSet;  F3001(3)D 
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F6001(3)C 

6/97-F600i;3: 


X-RAD(OGRAPH(C  JNSPECTiON 

-7000{3)L,D  FATiGUE  CRACKS  IN  GTA  WELD  SPECIMENS  WITH  CROWNS 


Data  Set;  F7002(3)n 


A&  Cracked,  Scarfed,  Etched  and  Proof  Loaded 


X-RADIOGRAPHIC  INSPECTION 
FATIGUE  CRACKS  IN  GTA  WELD  SPECIMENS  WITH  CROWNS 


DataSet:  F8001(3)L 

Test  Object :  Longitudinai  Crac! 


DataSet:  F8001(3)D 

TestODject:  Longitudinal  Cracks  in 


A 


Data  Set:  F9002(3)L 

Test  Object ;  Transverse  Cracks  in 

2219  Aluminum, GTA, 


F9oo2/3)L  X-radiographic  Inspection  -  3  Operators 

8/97  i-9oo2(3)L  Transverso  Fatigue  Cracks  in  2219  Aluminum  GTA,  Flush  Welds  After  Scarfing  and  Etching 


Data  Set:  F9003(3)L 

Test  Object :  Transverse  Cracks  in 
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(%)  Noiioaiaa  ao  Aiinavaoyd 


Data  Set:  F9002(3)D 

Test  Object :  Transverse  Cracks  in 


F9002{3)D  X-radiographic  Inspection  -  3  Operators 

8/97  -F9oo2(3)D  Transverso  Fatigue  Cracks  in  2219  Aluminum  GTA,  Flush  Welds  After  Scarfing  and  Etching 


Data  Set;  F9003(3)D 

Test  Object :  Transverse  Cracks  in 
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Data  Set;  ZTAAA03  ajT  -B 

Test  Object :  Alumini  jm  /  Fiat  Panel 
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Nondestructive  Testing  Information  Analysis  Center 

415  Crystal  Creek  Dnve  •  Austin,  Texas  78746 
Phone  *!512)  263-2106  •  FAX  4(512)  263-3530  •  e-mail:  ntiac@access, texas.gov 


June  2,  1998 


OlTicc  of  the  Director  of  Defense 
Research  and  Engineering 
Advanced  Technology 
Room  3D  1089 
3080  Defense  Pentagon 
Washington,  DC  20301-3080 


Altiv  Dr.  L,  Slolcr,  Staff  Specialist  for  Materials  and  Structures 

Subject:  Submission  of  Final  Data  Book  as  a  Deliverable  under  CDRL,  A009, 

Contract  SP0700-97-D-4()03 


Dear  Dr.  Slotor: 

In  cotifonnance  with  Contract  Data  Requirements  List  Item  A009.  enclosed  are  two 
copies  of  the  i\o>uiL\srructivc  Evaluation  (NDE)  Capabilities  Data  Book,  Third  Edition, 
NTIAC:  DB-97-02  submitted  as  a  deliverable  under  NTIAC  Contract  SP0700-97-D- 
4003.  Approval  of  this  deliverable  was  received  in  your  letter  of  May  26,  1998. 

Enclosed  are  both  a  hard  copy  of  the  Data  Book  in  a  three  ring  binder  format  and  an 
electronic  version  on  a  CD.  .‘Xdditional  copies  have  been  distributed  in  conformance  with 
CDRl,  A  009. 

Sincerely, 

George  A.  Mat/.kanin,  Director 
NT  ETC 

cc:  DTIC-.M  (Elaine  Stevens-Ron  Hale;  w  enclosure) 

D  nC-OCC  (w/enclosure) 

DSCC/Pl.l  (Barbara  Niles;  w  o  enclosure) 

Monte  Fellingham,  TRl  .-\ustin;  (w-’o  enclosure) 


A  DTK;  r  .Irani.  OoD  liilcrmntiou  Analysis  Center  Operaled  hy 


TRl 


TRI/Austin 

4  ’'ex, IS  '"’Str.jrc.T  ■nicrri.ilicisii  -tcnv.iry 


